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Competition by roads, waterways 
and airways. 


(Continuation) (1). 


Spain, British India, French Indo-China and French West-Africa. 


SPAIN. 


I. — Steps taken by the Public 
Authorities. 


In Spain, competition and the general 
- railway position have been investigated 
in great detail. 

Official organisations have been set up 
for this particular purpose by the Govern- 
ment. For example, the National Land 
Transport Conference, in 1932, was able 
to draft a bill as the result of its investi- 
gations. The essential clauses of this draft 
were included in the text proposed by 
the Commission for the co-ordination of 
railway and road transport, in 1934, 
which was published as No. 25 of the 
series issued by the General Railway 
Transport Association on this subject. 

Pending the time these proposals be- 
come law, the Government issued, on the 
19th July 1934, a decree authorising the 
Minister of Public Works to grant the 
railway companies concessions for work- 


(1) See Bulletin of the Railway Congress, 
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ing road transport. This decree is as 


follows : 


Decree instituting a Commission for the Co- 
ordination of transport and authorising the 
Minister of Public Works to grant the Rail- 
way Companies concessions to operate road 
services, 


Clause 1. — The Minister of Public 
Works, on the advice of the Co-ordination 
Commission as laid down in clause 3, is 
authorised to grant Class A concessions 
to the Railway Companies applying for 
them, according to the laws now in force, 
with the rights and obligations therein 
laid down, and in particular those under 
clause 22 of the Decree of the 22nd June 
1929, relating to the suppression of B class 
services, which either partially or wholly 
duplicate the services offered by the said 
class A concessions. These concessions 
must conform with any decisions of the 
Cortés on the concessions and the future 
regime of the railways. 


June to December, 1934, 


oso 


Clause 2. — All services in connection 
with fairs, fetes, and markets, taxis and 
tourist services, authorised or which shall 
be authorised, must comply with the 
fiscal regulations and the decree of the 
22nd June 1929, which still remains in 
force. Local and regional exceptions re- 
quire the special authorisation of the 
Minister of Public Works. 


Clause 3. — Under the title of Co-ordi- 
nation Commission, an advisory organisa- 
tion attached to the General Management 
of Railways, Tramways and Road Trans- 
port has been set up. This will be com- 
posed of one representative from each of 
the Ministries of Public Works, Finance, 
Communications, and Industry and Com- 
merce, two delegates representing the 
Chamber of Transport, and two others 
the General Railway Transport Associa- 
tion. 

This Commission will be presided over 
by the General Manager of the Railways, 
Tramways and Road Transport Depart- 
ment, and will have as secretary the Head 
of the Road Transport section of the said 
General Management. 


Clause 4. — The Commission will re- 
port on all demands for new lines, appeals 
concerning existing lines, and, in gene- 
ral, will put forward its opinions or 
suggestions on all’ matters relating to 
’ transport co-ordination. 

It will decide in each case whether the 
class A concessions asked for are parallel 
to or in competition with the railway, 
and also on thé minimum length to which 
the facilities provided by this decree ap- 
ply; requests for class A concessions 
which do not comply with the conditions 
laid down by the Commission shall be 
refused. . 

Within 30 days of its formation, the 
Commission shall submit to the Minister 
of Public Works the proposed organi- 


sation and regulation of its services and 
suggested procedure, at the same time 
reporting without delay all urgent mat- 
ters within its competency. 


Clause 5.— All resolutions of the Com- 
mission shall be considered as proposi- 
tions to the Minister of Public Works, 
who can approve or reject them. 


II. — Steps taken by the 
Railway Companies. 


The unification measures taken by 
the Madrid-Saragossa & Alicante Railway 
and the North of Spain Railway include 
the setting up of a common research 
office. 

This office has set up a joint railway 
and road transport co-ordination service, 
the main objects of which are : 


1. to accumulate data on the subject of 
co-ordination, with statistical card in- 
dexes and files dealing with every motor 
service and all combined passenger and 
goods transport services; 


2. to enquire into the relations between 
the railway ‘and the passenger and goods 
road services, and into the abandonment 
of lines, in agreement, if need be, with 
the Operating and Commercial Depart- 
ments of the North of Spain Railway and 
the Traffic and Commercial Services of 
the Madrid-Saragossa & Alicante Rail- 
way; 


3. to communicate with the State, pro- 
vinces and towns in so far as road trans- 
port is concerned; 


4A. to carry out contracts made by the 
headquarters and subsidiary offices and 
the combined departments of the railways 
with other methods of transport, in agree- 
ment with the commercial departments 
responsible for rates questions; 
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5. to control the transport service and 
thereby link up the central or subsidiary 
offices and the stations; 


6. to make investigations and reports, 
and to manage and supervise the road 
services conceded to the North of Spain 
and Madrid-Saragossa & Alicante Com- 
panies, operated directly or by an an- 
cillary company; 

T. to make investigations into combin- 
ed, feeder, or parallel services, with exis- 
ting road transport firms; 

8. to consider the introduction of com- 
bined tourist services; 

9. to negociate, and make agreements, 
with the National Tourist Office and 
similar foreign organisations in order to 
stimulate advertising and develop the 
tourist traffic currents in districts served 
by the North of Spain and Madrid-Sara- 
gossa & Alicante Railways; 

10. to handle propaganda and publicity 
dealing with the co-ordination of trans- 
port; 

11. to maintain regular and cordial 
relations with legally authorised trans- 
port undertakings, respecting their vested 
interests and thus assuring their support 
when needed against interfering firms 
which, by seizing traffic in an obviously 
illicite way, harm the railways working 
under a lawful concession. 


The best results are expected from the 
work of this service which has its agents 
in all districts where the co-ordination 
question arises, particularly if the public 
authorities decide to pass adequate legis- 
lation to prevent clandestine services and 
to divide up the traffic fairly from the 
fiscal, legal, and administrative points of 
view. 


ITALY. 


As an addition to the information 
supplied previously (see Bulletin for 


December 1934, p. 1270), the Italian State 
Railways advise us that, with regard to 
the cartage services, a bill has now been 
brought in, the object of which is the 
regulation of cartage services worked on 
behalf of a third party. 


BRITISH INDIA. 


The Bengal Nagpur Railway informs us 
that in addition to the steps already taken 
to fight rcad and waterway competition, 
the following questions are now being 
analyzed : 

a) Terminal taxation on rail borne 
traffic in competition with road traffic, . 
and 

b) Port-to-port rates in competition 
with sea-borne traffic. 


FRENCH INDO-CHINA. 


The French Indo-China and Yunnan 
Railway Company reports, as measures 
taken during the second quarter of this 
year, various changes of rates : introduc- 
tion of special reduced rates for passen- 
ger services between Hanoi and Hai-Fong, 
new reductions or extension of the period 
during which reductions already granted 
on special fixed rates applicable to va- 
rious classes of traffic affected by com- 
petition, remain in force. 


FRENCH WEST AFRICA, 
Dakar-Niger Railway. 


The information given below is taken 
from a note sent us by the Inspector 
General of Public Works, in French West 
Africa. alee 

To diminish the effects of motor com- 
petition, which proved to be particularly 
serious during the years 1932 and 1933, 
the Dakar-Niger Railway has considered, 
or put into practical application, a num- 
ber of measures intended to recover all 
or part of the traffic lost. 
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These measures are :: 


1. Acceleration of the trains and adap- 
tation of their frequency and the con- 
veniences offered, to the needs of the 
passengers. 

2. Introduction of new passenger and 
goods rates to meet the new circum- 
stances. 

3. Acceleration of goods transport. 


Each of these three points is analysed 
below. 


1. Acceleration of the trains and adapta- 
tion of their frequency and the con- 
veniences offered, to the needs of the 
passengers. 


Whenever possible, the average speed 
of the regular trains has been increased; 
this applies to the Sudan weekly express 
train, and the daily service between Dakar 
and Saint-Louis (262 km. = 163 miles). 

On the other hand, fast light trains 
have been put into service between cer- 
tain stations where the passenger and 
parcels traffic is of particular importance, 
over routes parallelled by road services. 
This applies to the semi-express weekly 
trains between Dakar, Kayes and Bamako. 

For small and medium distances, pas- 
senger coaches have been added to some 
of the goods trains. 

Finally, on certain occasions (markets, 
fetes, etc.) when the number of pas- 
sengers makes it possible, shuttle or spe- 
cial trains have also been run. 

Comfort has also been considered; the 
« couchettes » coach in the semi-express 
trains has been replaced by a sleeping 
car, and a buffet car has been added to 
these trains for the use of 1st, 2nd and 
3rd class passengers. 

In order to speed up this traffic and 
provide greater flexibility, and also he- 
cause of the reduced rates thereby made 
possible, rail motor coaches have been 


considered. Investigations are in hand at 


the present time to see which type is best 
suited to the gradients of the line and the 
traffic to be worked. 

Although up to the present the Com- 
pany has not introduced its own road 
motor vehicles for transporting passen- 
gers and goods over short distances, it 
has, as an experiment, made an agreement 
with a contractor in Dakar to conyey rail- 
way passengers, who live at some distance, 
to and from the station. It has also 
considered co-operation, for mutual bene- 
fit, with private undertakings over cer- 
tain sections of the line (Bamako-Kouli- 
koro-Kati, etc.). 


2. Rating measures, 


a) Passengers. — Apart from reducing 
3rd-class tickets from 0.27 to 0.20 franc 
per passenger-kilometre, the Railway, 
proceeding by stages, first of all intro- 
duced 4th-class coaches in certain trains 
between Thiés and Bamako. As this step 
was successful, it was extended, on the 
5th May 1933 to the whole of the system 
when the Thiés-Niger and Dakar-St. Louis 
lines were amalgamated. At the present 
time, there are 4th-class coaches on all 
passenger trains (except the express and 
semi-express trains), including goods 
trains. 

The basic rate of 4th-class tickets is 
about 0.14 franc. 

Near important villages or groups of 
villages, halts have been made on the 
running lines, where passengers. without 
luggage can alight or entrain. 

Specially reduced rates, known as sub- 
urban rates (0.11 frane per km.), have 
been introduced around the main centres: 
Dakar, Kaolack, Bamako, Diourbel. 

A very liberal policy has been intro- 
duced as regards allowing passengers to 
take foodstuffs, and small animals with 
them; the Higher Authorities have been 
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asked to give passengers at suburban 
rates the right to the free carriage of 
30 kgr. (66 lb.) of luggage as with the 
usual rates. 


b) Goods. — In the case of goods 
transport, special provisional tariffs at 
very reduced inclusive rates have also 
been introduced, applicable to the pro- 
ducts of the country and to imported 
goods, in order to meet road competition 
from and to the ports. 

These tariffs include rates aplicable to 
- consighments of 50 kgr. (110 lb.), but in 
order to encourage grouping, additional 
reductions are granted to consignments 
sent by complete wagon loads of a 
minimum of 4 tons, or paying on this 
weight, except in the case of light bulky 
goods for wich the minimum weight is 
lower. 

Then too, the general classification of 
goods has been revised and the number 
of classes increased from 4 to 6. 

The procedure for making demands for 
rolling stock has been simplified and the 
consignor, when it is a question of com- 
posite loads, is not required to give a list 
of the packages to be transported. 

When traffic is heavy, certain halts and 
stations with insufficient traffic to be 
kept open all the year are authorised to 
send and receive full wagon loads. 


3. Acceleration of goods transport. 


One of the advantages short-distance 
road transport has over the railway is 
that the road hauliers are not bound by 
any fixed timetables and so can deliver 
goods in the shortest possible time and 
assure door to door transport. 

In order to remedy the unfavourable 
position of the railway in this respect, 
careful investigations have been made 
into the working at the departure stations 
and during the journey to speed up the 
traffic, the regulation transit times being 


considered merely as maximum times 
which in practice should be shortened. 
Thus a distributing-collecting service has 
been set up and the practice started of 
sending out advice notices to enable the 
consignee to take delivery of his goods 
as soon as they arrive at their destin- 
ation, 

Express consignments are moreover 
accepted by the stations for transport 
within shorter periods than is laid down 
in the tariffs in force. 

Shunting operations are carried out at 
night in order to speed up the running of 
empty and loaded wagons, and during the 
time of heavy traffic, provision has been 
made for the loading and unloading of 
wagons to take place at night. 

* 
* # 

The various measures enumerated 
above, introduced by the Railway, have 
already given appreciable results which it 
is endeavouring to increase still more. 
For this purpose, other measures are 
being investigated or put into practice. 
Thus the goods wagons have been altered 
to enable the transport of pea-nuts in 
bulk or in mixed loads to be carried out. 
Tests are being carried out in connection 
with the transport of fresh meat, vege- 
tables, and fish in refrigerator vans on 
passenger trains, and insulated containers 
will be purchased shortly so that trials 
can be made in carrying fresh meat. 

* 
tie % 

Thanks to the measures mentioned 
above, the passenger traffic, which was 
continuously decreasing during the last 
few years, has shown a very definite in- 
crease during the year 1933 although, 
short crops adversely affected export 
trade and quotations were very low. 

This recovery has been especially noti- 
ceable since the beginning of 1934. 


7 _ ~ 


i. (Caley 
7 J 


a - pa 


a iy 
> Ai. at iV 2 


uit k™ th ees a Wiiaar Inashising 
Laeutinlianest ii dada Sul ely gets sinha? 
ND tsp ee ee a ibe ie anit ¥, 

WGrhT oth’ ber dal Oi? feel 


as het Sts ; A TG 5 
és _ divhns Rite ophdatuy a ves "TH nid 


af gma i 
7] Pay 144 = id Vit Vinee, G Hae 
= 4 =f as ‘ 4 4 r 
ir ry 
. 7 mi VTi TE: 
wae 
t beads 
CP 7 44 eet 
" a* 
i Lhe 


ht 


(em 


} farts «hit ; 


ie winner, inne aT 
y bi caus ansbasiohe, bee 
ata 4 husd a eriiy al svt 


OL PRL PS ‘ i 
a ial ancl ; ‘ aay ee a 

$95 hie i hie etl 

iF ‘ee Sa a “Wh futiol 
‘aah Pion: Paid 
O eure w ieloiial PvE R ine? sai Rid ses 
a) cs ie el a eae ae 


an a 


efit t 


eens bis sie} 
"oeny inv t 


its att? ieee 7 


ey 


[ 624 (.43) ] 


INTERNATIONAL RAILWAY CONGRESS ASSOCIATION. 


INQUIRY INTO QUESTIONS OF IMMEDIATE INTEREST. 


(Decision taken by the Permanent Commission at its Meeting held on July 29th, 1933.) 


QUESTION I. 
Rail motor cars from the point of view of their construction. 


A. — Types of engines. — 


Forms of transmissions. 


Running gear. — Brakes. 


REPORT 


(Countries outside Continental Europe), 
by E. WANAMAKER, 


Electrical Engineer, Chicago, Rock Island and Pacific Railway Company. 


PART I. 
General. 


The internal combustion engine. 


The invention and development of 
the internal combustion engine has 
probably done more to change the me- 
thods of transportation than any other 
discovery or invention. Man’s conquest 
of the air and efficient utilization of 
highways, has been made possible by 
the development of this form of motive 
power. However, these two forms of 
transport, highway and airway, are yet 
in their infancy. 

The introduction of the internal com- 
bustion engine in rail equipment and 
ships is today becoming an important 
factor. The extent of its adoption is yet 
to be determined, service and economy 
being the two factors of measurement 


- most involved. 


The development of the gasoline en- 
gine was given a tremendous impetus 
when the automobile was introduced. 
The reasons are most obvious: people 
instinctively desire speed and freedom 
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of movement, manufacturers desire pro- 
fit. The economic mass production and 
use of automobiles awakened an interest 
in the application of internal combustion 
engines in all fields requiring power. 

Railway operators were quick to learn 
that the severe demands peculiar to their 
service required a special type of en- 
gine. Manufacturers, due to the very 
slight opportunity for sales in this field, 
were not interested. Steam power was 
giving good service and meeting all 
demands made upon it, 

It was not until the development of 
highways and highway motors reached 
a stage, wherein their use began to have 
an undesirable effect upon railway bu- 
siness, by offering a form of competi- 
tion which it seemed could not be met 
solely by steam, that serious considera- 
tion was given to the development of 
internal combustion engines for rail ser- 


vice. Since that time progress has been 
quite rapid — necessity, the mother of 
invention — engine builders and manu- 


facturers of electrical rail equipment co- 
operating with the railway companies. 
The primary and essential require- 


ments of rail motor engines are light 
weight, small space requirements, sim- 
plicity, ruggedness, and reliability. 
Rotative speeds must be suitable for 
good engine performance and at the same 
time satisfactory as regards the type of 
transmission used. The proportionate 
relationship of the various parts must be 
carefully worked out and co-ordinated, 


Bore and 


Number of 
stroke. 


cylinders. 


vidd x< 8” 
7 iy x 8 A 

8/7 »~ 10/7 

8/7 SG 10” 
ie a S< 8 3! 


especially so since there should not be 
permitted a single pound of idle or 
excess weight. 

Gasoline engines, some of them burn- 
ing distillate, up to and including 600 
horse power capacity are in successful 
operation. 

Among them are included the follow- 
ing which are typical : 


Horse power 
per cylinder. 


Arrangement 
of cylinders. 


33.33 
45.83 
50.00 
50.00 
50.00 


In line 


The more recent of these are quite 
rugged and a decided improvement over 
the earlier type. 

Crankshafts are more liberally design- 
ed, likewise all other parts. Aluminum 
heads and alloy pistons have contributed 
much to the improvement as has mul- 
tiple spark plug, battery ignition. 

Quite a number have been equipped 
with suitable carburetors for burning 
distillate; however, the recent develop- 
ments in the rail type diesel are such 
that in all probability the large majority 
of engines purchased in the future will 
be of this type, gasoline engines being 


purchased only where the equipment is 
of comparatively small capacity, or is to 
be unfrequently operated. 

Recently, there has been built by the 
Winton Engine Corporation several 600- 
H.P. high-compression 2-cycle single act- 
ing diesels with eight in line 8” x 10” 
cylinders turning at 750 r.p.m. 

This airless injection engine has ex- 
haust valves and is ported for scavenging 
and supercharging air. 

They have built and placed in oper- 
ation one 900-H.Pp., and are now building 
several of them; also some 1 200 H.P. as 
herein listed. 


Bore and 
stroke. 


Number of | 


cylinders. 


8 8/7 x 10/7 
12 827 5@ 1.077 
16 8” x 10” 


The foregoing are typical of this ge- 
neral type. 

For power unit or locomotive service, 
it is proposed to dual the 600, 900, or 
1 200-H.p. engines, and the designs have 
been completed for a 3 600-H.p. locomo- 
tive made up of two dual 900-H.P. engine 
units, each unit of which may be oper- 
ated separately as an 1 800-H.P. unit if 


Worse power 
per cylinder. 


Arrangement 


of cylinders. ae | 


In line 750 
Vee 750 
> 750 


75.00 
75.00 
75.00 


desired. A design has also been com- 
pleted for a fully articulated 3 600-n.P. 
job. 

The Busch-Sulzer Company built and 
have been testing in their plant for the 
last several months a 1 600-H.P., 550-600 
r.p.m. engine, 2-cycle single acting Vee- 
type, with eight 13 1/2” x 16” cylin- 
ders. 


This engine may be built with 10-12-14 
or 16 cylinders, with a maximum rating 
of 3500-H.P. capacity. This airless in- 
jection engine is ported for exhaust sca- 
venging and supercharging, with long 
trunk type pistons and sludge chamber 
between crank case and combustion 
chambers. 

Fairbanks Morse & Company have 
built and are testing a 300-H.P. opposed 


piston 2-cycle single acting, airless injec- 
tion, 1 200 r.p.m. vertical 6-cylinder (12 
pistons), engine, ported for exhaust sca- 
venging and supercharging. The upper 
crankshaft drives the auxiliaries and is 
connected to the lower by silent chain. 

They propose to use this typical design 
in building engines as herafter tabulated, 
and are at the present time completing 
a 1 200-H.P. engine. 


; ‘ Individual engines. 
Size of locomotive, Number R. p.m. 
Sa Evo, Unt. ob veneiies. H. P. |Cylinders. Bore. Stroke. 
J 
300 6 5// (ihe 
300 to 800 1 to 2 1 200 
400 8 BI 6/7 
| 
500 6 6 4” Ste, 
500 to 1 400 1 to 2 900 
700 8 647 8’ 
| 
( 750 6 8” 107 
750 to 4800 1 to 4 720 1 000 8 8” 10’ 
l 1 200 —_— — — 
| 
1 800 6 12 15” 
1 to 2 500 
1800 to 4800 2 400 8 2 15” 
| 


These diesel engines, like most of the 
engines built during the past two years, 
range in weight from twenty to twenty- 
five pounds per horse power; however 
the Westinghouse Co. has built some 265- 
H.p. 4-cylinder in line — 400-H.P. 6-cy- 
linder in line — 500-n.p. 8-cylinder Vee- 
type, and 800-H.p. 12 cylinder Vee-type, 
4-cycle single acting airless injection 
900 r.p.m. engines, all with 97% x 12” 
cylinders ranging from 30 pounds weight 
per horsepower for the largest to 40 
pounds per horsepower for the small- 
est. 

Also the McIntosh and Seymour Co. 
have built for the American Locomotive 
Company some 300-H.P, six 9 1/2” x 
10 1/2” in line cylinders and some 600 
BP. six:12 1/2” x 13” in line cylinders, 
4-cycle single acting airless injection 700 
r.p.m. engines for switching service, with 


a somewhat heavy weight per horse- 
power. 

The De Le Vergne Company has built 
some 200 and 300-H.p. 4-cycle, single act- 
ing airless injection, 6 cylinder in line, 
720 r.p.m. engines for the Baldwin Loco- 
motive Company and are now designing 
some larger engines. 

The Baldwin Company has also ar- 
ranged for handling the M.A.N. engine 
made in Germany. 

The Allis Chalmers Mfg. Co., in co- 
operation with the Hooven Owens 
Rentschler Company, have recently 
completed and are testing a 1 400-H.P. 
700 r.p.m. engine weighing 14 pounds 
per horsepower; the details of design, 
however, have not yet been made public. 

The Ingersoll Rand Co. has built and 
has in operation on several railroads 
several single 300-H.p. and several dual 
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300-H.p. power plants in locomotives and 
motor cars. These engines are 4-cycle, 
single acting, airless injection six cylin- 
ders in line 550-r.p.m., of fairly heavy 
construction and are typical of this 
design. They have also built one larger 
engine for a switching locomotive. 

The Cummins Engine Co., have built 
light-weight diesel engines of small capa- 
city for truck and industrial service and 
have placed some in light rail switching 
units. This type of engine has low- 
pressure fuel control with pre-heated fuel 
charge. The builders hope to adapt it 
to light rail service. 

There are several other manufacturers 
who are experimenting and developing 
diesel engines for rail service, all of 
which indicates progress along the lines 
of rail motorization. 

When considering internal combustion 
engines for any rail service, it is advis- 
able to give consideration to their use in 
all classes of rail service, since the prin- 
ciples involved in the design, mainten- 
ance and operation of this new type of 
motive power for railways are to all 
commercial intent practically the same 
whether for use in light weight high 
speed trains, heavy trains, or switching 
service. 


Transmission and control. 


There have been used three general 
types of transmission between the engine 
and the driving wheels of rail motor 
equipment : Mechanical, Electrical, Hy- 
draulic. 

In the United States, mechanical trans- 
missions have not been generally suc- 
cessful in capacities greater than one 
hundred and fifty horsepower in heavy 
duty service. 

The transmissions have generally been 
of the selective gear and clutch type — 
various types of clutch facings have been 
used, generally of the dry type, although 
a few prefer discs with cork inserts 
running in oil, 


One manufacturer of light switchers 
has stated that they are now testing a 
new design which they hope will success- 
fully transit five hundred horsepower. 

Several manufacturers are working on 
the design and development of mecha- 
nical transmissions in the hope that 
eventually a satisfactory design will be 
evolved — one that will render a service 
performance equal to that of the elec- 
trical transmission, and at lower first 
and maintenance costs. 

The flexible drive necessary between 
the engine and the driving axle seems to 
offer a serious problem for larger power. 

The electrical transmission consisting 
of generator and traction motor or mo- 
tors, together with a suitable control, is 
such that there is no direct mechanical 
connection between the engine and the 
driving axle, thus affording what 
amounts to a one-hundred per cent 
cushion between the engine, the driving 
axle and the rail. An infinite range of 
economic speeds is inherent in this type 
of transmission the advantages of which 
are plainly obvious from an operating 
standpoint. 

There are two types of electric trans- 
mission in use generally known as « Dif- 
ferential Field Control » and « Automatic 
Field Resistance Control ». The majo- 
rity now in service are of the differen- 
tial type, primarily due to its simplicity; 
in some cases, however, it was felt that 
the added complication of the automatic 
field resistance control was justified by 
a limited increased efficiency. 

To date all of the electric transmis- 
sions in commercial service utilize direct 
current generators and motors generally 
at voltages not in excess of 750 volts. 
These transmissions are very reliable 
and comparatively low in maintenance 
costs; however, their first cost and 
weight are greater than the other forms 
of transmission. 

Research and investigations now un- 
der way indicate that the disadvantages. 
of high first cost and weight ratio may 


be eventually overcome by use of higher 
direct-current voltages or utilization of 
alternating current. Or possibly by the 
utilization of vacuum tubes in connection 
with either direct or alternating current, 
or in connection with a combination of 
the two. Inasmuch as the generator 
and motor of a rail motor transmission 
is isolated from all other electric power 
generating and power using systems or 
units, it is probable that a high frequen- 
cy could be advantageously employed. 

The storage battery as an integral and 
essential part of an electric transmis- 
sion should be of a very rugged type of 
construction, and should be provided 
with an efficient regulating and protec- 
tive control. Unfortunately this provi- 
sion was not made on most of the rail 
motor equipment now in operation. 

The hydraulic transmissions tried out 
in rail service so far, in the United 
States, have not been commercially suc- 
cessful. Several manufacturers are en- 
deavoring to develop hydraulic trans- 
. missions which will meet the severe de- 
mands peculiar to rail service. 


Rail motor car construction. 


The first rail motor car to be operated 
with fair success in commercial service 
on a railway in the United States was 
designed and built by W. R. McKeen for 
the Union Pacific Railroad in 1908. 

During the few years immediately fol- 
lowing, the McKeen Motor Car Company 
built some 150 odd cars of similar de- 
sign for various railroads. The Union 
Pacific still has some of these cars in 
operation. 

The car body was of a steel shell 
design with center entrances. Extre- 
mely light center sills were used, de- 
pending largely on the outer shell for 
strength and rigidity. The forward end 
was of a sharp wedge shape, the rear 
being rounded. The 4-cycle gasoline en- 
gine was of the 6-cylinder slow-speed 
reversible type. According to the me- 
thod of rating in effect at that time, the 


engine was of 175 horsepower capacity; 
as rated today, it was probably 150 horse- 
power capacity. 

It was mounted on the 4-wheel for- 


ward truck with a chain drive between 


the transmission and driving axle. The 
two driving wheels were of considerably 
larger diameter than the trailing pair. 

The vertical engine extended upward 
through an opening in the car floor into 
the operator’s cabin in such a manner 
as to permit the operator to from time to 
time look at the ignition, carburetor, 
valve mechanism, etc. Fin radiation was 
installed in the pilot and in the car body, 
that in the body being used for heating 
during cold weather periods. 

The engine was started by air. The 
air for same and for brakes was supplied 
by a small gasoline-engine driven-com- 
pressor and a compressor driven directly 
by the main engine. Gasoline vapor 
lights were used at first. The transmis- 
sion had two speeds. The engine had no 
crankcase, the oil being used but once. 

Most of the cars were 70 feet long 
overall and weighed 40 tons. 

In 1910, the General Electric Company 
built the first gas-electric motor car to 
be operated in the United States. 

This car had a steel body built along 
conventional lines in vogue at that time, 
but of lighter construction; later some 
were built with center entrances. The 
forward end of the car was roundly 
pointed. The length of the car was ap- 
proximately 70 feet and its total weight 
49 tons. 

The power plant was located in the 
forward compartment and consisted of 
an 8-cylinder 4-cycle Vee-type 550 r.p.m. 
gasoline engine, direct connected to a 
600-volt direct-currént generator which, 
through a drum controller, supplied cur- 
rent to two traction motors mounted in 
the forward truck. 

The engine was started by air and 
controlled by hand throttle in connection 
with manual control of the generator 
field resistance. 


A separate gasoline engine combined 
with an air pump furnished the initial 
air supply for starting the main engine; 
there was also a small compressor dri- 
ven directly by the main engine. This 
engine also operated a small 110-volt 
direct-current generator for lighting the 
car. The engine cooling radiators were 
placed on the roof. The car was heated 
with a coal-fired hot water heater; in 
some cases railway mail compartments 
for sorting mail en route were provided. 

Some 95 cars of this type were built 
for various railroads, some of which are 
still in service. 

The performances of these cars were 
very successful on the slow-speed local 
schedules in effect up to within the last. 
few years. It was from this design that 
the present gas-electric motor cars were 
developed. 

There was but little change in the 
general design of motor car construction 
until the recent advent of the light-weight 
streamlined motor car or motor train, 
except that the storage battery was incor- 
porated into the power plant to accele- 
rate excitation and to supply current for 
lights etc., the introduction of electric 
motor-driven air compressors, for high- 
speed air brakes, of forced fan engine 
water cooling, of inherent or automatic 
generator control, and of anti-friction 
bearings. 

In addition, the introduction of remote 
control made possible double-end oper- 
ation (that is from either end of the 
car). 

At first the motor cars were operated 
singly, but with the increase of power 
plant capacity trailers were designed and 
operated in connection with them as 
passenger motor trains. 

The increase in capacity also made it 
possible for the larger cars to be used in 
mixed and local freight train service. 


* 
The « Zephyr », recently completed 
by the Chicago Burlington and Quincy 


* 


Railroad, and the Union Pacific, 
M-10000, new aluminum trains, as here- 
inafter described are typical of the new- 
est type of rail motor passenger train, 
that is streamlined, light-weight, articu- 
lated, high-speed trains with a low 
center of gravity. 

The Chicago Burlington and Quincy 
train was built by the Edward G. Budd 
Manufacturing Company at Philadelphia. 
The train consists of three car bodies 
carried on four trucks. It is 196 ft. in 
length and it weighs 195 000 lb. There 
are seats for 72 passengers in the second 
and third cars and space is provided in 
the first and second cars for 50 000 Ib. 
of baggage and express. The first car 
also contains a 30-foot mail compart- 
ment. The passenger accommodations 
are divided among three compartments. 
At the rear end of the second car is a 
16-foot smoking compartment with seats 
for 20 persons. At the front of the 
third car is a 31-foot compartment with 
seats for 40 persons, and at the rear of 
this car is a solarium-lounge with chairs 
for 12. Side doors and steps are pro- 
vided for passengers in the two rear 
cars. In the second car the entrance is 
between the smoking compartment and 
the buffet adjoining the baggage com- 
partment. In the rear car the entrance 
is at the rear of the main passenger com- 
partment. 


The car body structure. 


In its structure this train is a com- 
plete departure from conventional de- 
sign., To a very large extent the entire 
body structure from floor to roof per- 
forms load-carrying functions. The 
characteristic truss form of construction 
adapted by the Budd Company for the 
utilization of built-up sections of thin- 
gage Shotweld stainless steel is used. 

The Shotweld process, developed and 
patented by the Edward G. Budd Manu- 
facturing Company, effects a specific 
regulation of the pressure, the elec- 
tric current value and the duration 
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of its flow, thus maintaining unimpaired 
the strength and corrosion-resisting pro- 
perties of the material. The welds de- 
velop a shearing strength of 75000 Ib. 
per sq. inch and will withstand torsion 
up to 90° before rupture. All welding 
in the structure of the Burlington train 
was done by this process. 

Among the special features in the 
structure which are of particular interest 
are the engine bed and the method of 
tying the articulation castings into the 
framing of the coach bodies. The engine 
bed, fabricated by Lukenweld, Inc., is 
a rigid arc-welded structure of steel 
plate, annealed after completion of the 
welding. It forms a combination bump- 
er, engine bed and bolster and is 25 ft. 
3 1/2 in. long, by 8 ft. 8 in. wide. The 
material is Lukens Steel Company Crom- 
ansil, an alloy of chromium, manganese 
and silica, with a tensile strength of 
90 000 lb. and an elastic limit of 70 000 
lb., possessing a high resistance to 
fatigue and shock. The completed 
structure weighs 6070 lb. It is built 


*- into the lower chord member of the side 


trusses and forms the foundation for the 
nose structure of the car. 


The power plant. 


The power plant for driving the train, 
including power auxiliaries, was design- 
ed by the Winton Engine Corporation, a 
subsidiary of the General Motors Cor- 
poration. The main generator, exciter, 
auxiliary generator and traction motors 
were built by the General Electric Com- 
pany. 

Power for propulsion of the train 
originates in a Winton 600-H.p. high- 
compression, two-cycle, 8-inch by 10- 
inch eight-in-line diesel engine. Power 
for all auxiliaries, whether driven di- 
rectly or indirectly, is taken from the 
engine in excess of its rated output of 
600 H.p. at 750 r.p.m. 

Incorporated in this engine are several] 
novel features of construction and de- 
sign. For example, engine weight has 
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been reduced to about 22 |b. per HP. 
by the Lukenweld process for welding 
steel plate to form a single-piece engine 
block, comprising the crankcase and cy- 
linder block, to which a light oil pan 
is attached. A nine-bearing crankshaft 
is carried on main bearing seats fastened 
to the end of individual cross members 
cut to form frames for the fabricated 
engine block. In this manner combustion 
stresses are transmitted directly to the 
bearing seats, through the solid frames 
held rigid by the various patterns of 
welded plate, which incidentally form 
the air-intake passages, top and bottom 
of the cylinder block, webbing, etc. 
Steel-backed, lead-bronze-faced main 
bearing liners, 6 1/2 inches in diameter, 
are clamped by shimless bearing caps 
held in place with jack screws acting 
against the frame arch below the cy- 
linder block. 

Water-jacketed cylinder liners of heat- 
treated cast iron are bolted to the cy- 
linder heads, which in turn are fastened 
in the usual manner to the cylinder 
block. About mid-length are cast twen- 
ty-four oblique air-intake ports circling 
each cylinder liner. Thus, the cylinder 
block forms an air-intake manifold in 
which pressure is maintained by a three- 
lobed twin-rotor scavenging blower or 
compressor, mounted on the front end 
of the engine block. This arrangement 
of air intake and the use of four exhaust 
valves per cylinder insures scavenging 
of the cylinder at a minimum blower 
pressure. The -heads of the aluminum 
alloy pistons are cooled by a stream of 
oil emitted from the top of special I-sec- 
tion connecting rods fitted with bearing 
liners having a 6-inch bore. 

The possibilities in power economy, 
afforded by streamlining railroad equip- 
ment, required the remodeling of the 
conventional engine-cooling and exhaust 
systems to provide a smooth roof line. 
To accomplish this the exhaust manifold 
was lowered into a drop section in the 
car roof and the customary roof radia- 
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tors regrouped to form two long sections 
suspended from the roof inside the 
engine room. Heretofore, with the roof- 
type radiators air circulation through 
the radiators was furnished by the mo- 
tion of the train, while with the new 
system of inside mounting an artificial 
breeze was needed for cooling purposes. 
Two large engine-driven fans are moun- 
ted above the partition separating the 
engine room from the control cab. <A 
grilled opening in the front of the train 
admits air to the fans via a duct formed 
by the cab ceiling and the car roof. The 
large volume of air brought into the en- 
gine room passes through the cooling 
radiators and thence outside through a 
central longitudinal slot in the roof. 
This assures a minimum disturbance of 
the air stream at the head end of the 
train and insures a thoroughly ventilated 
engine room. 

The main generator is a single-bearing, 
differentially wound machine placed 
forward .of the engine and directly con- 
nected through a flexible  steel-disc 
coupling. A direct-connected exciter is 
used for generator excitation purposes 
to give inherently the generator charac- 
teristic which permits full engine utili- 
zation over a wide range of train speed. 
A shaft extension is provided at the 
exciter end of the main generator to 
drive through V-belts a 25-kw. auxiliary 
generator mounted above the main ge- 
nerator. The opposite end of the aux- 
iliary generator shaft is also extended 
for V-belt connections to the two fans 
which draw air into the engine room. 

The two traction motors are mounted 
on the front truck of the leading car. 
They are series-wound motors of Ge- 
neral Electric manufacture, having axle- 
bearing linings suitable for a 7 1/2-inch 
axle and a double nose for spring sup- 
port on the truck bolster. The gearing 
is single reduction with a 25-tooth pi- 
nion and a 52-tooth gear. The armatures 
have SKF roller bearings and the axle 
bearings are of the sleeve type. 


The traction motors are self-ventilated 
by multiple fans mounted at the pinion 
ends of the armatures. Ventilating air 
is taken from the engine room through 
canvas ducts, and motor ventilation is 
aided by the slight positive air pressure 
— about 1 inch of water — in the 
engine room. 

Motor control consists essentially of 
one master controller, electro-pneumati- 
cally operated motor contactors, and 
reverser, together with the necessary 
auxiliary magnetic contactors, switches, 
relays, etc. The control provides for 
operation from the front of the train 
only and for starting and stopping the 
engine, regulating headlights, cab lights, 
etc. The traction motors are progressi- 
vely connected in series, parallel and 
parallel-shunted-field combinations with 
transfer from one connection to the 
next higher effected manually. 

The 25-kw. two-bearing 76-volt aux- 
iliary generator is of the four-pole di- 
rect-current commutating-pole type. The 
output of the generator is furnished to 
the air compressors, the air-conditioning 
equipment, motor for train heating 
boiler, battery charging, lights, control, 
buffet ustensils, etc., at a constant vol- 
tage regardless of load, over a range 
of engine speed from idling to full speed, 
including engine regulation. This has 
been made possible by the combined 
effect of inherent regulation and the 
use of a new dynamic relay. 

The storage battery in an Exide Iron- 
clad 32-cell, 64-volt battery rated at 
450. amp.-hr. at the 10-hour discharge 
rate, which is placed in a stainless-steel 
battery pit in the engine room. The 
weight of the battery is 3260 lb. Vent- 
ilating scoops are used to increase air 
circulation in the battery box. The 
battery is used for engine cranking in 
addition to supplying power to the 
auxiliary circuits. 

Two General Electric 25-cu. foot air 
compressors, driven by 76-volt motors, 
furnish the necessary air for the train. 


These compressors are of standard de- 
sign, but with aluminum frame parts to 
obtain a light-weight equipment. 


The trucks. 


The four trucks are all of conventional 
outside bearing type of construction. 
All have cast-steel frames and bolsters, 
furnished. by the General Steel Castings 
Corporation. Their combined weight is 
55 000 lb. without the motors and gears 
in the power truck. The power truck, 
-in which are mounted the two traction 
motors, has 36-inch wheels. This is the 
front truck and carries the weight of 
the power plant. The trailer trucks, al- 
though of the same general type, are 
considerably lighter in construction and 
run on 30-inch wheels. All journals 
are fitted with Timken roller bearings. 
The axles are hollow-bored to. reduce 
weight. 

Of particular interest in the construc- 
tion of the trucks is the extensive use of 
rubber insulation to prevent the trans- 
mission of sound and other high-fre- 
“quency vibrations to the car bodies. 
There are inserts under the center plate, 
in both top and bottom equalizer spring 
seats and between the ends of the equa- 
Jizers and journal boxes. Rubber liners 
in the pedestals are faced with Oilite 
metal plates, vulcanized on, which serve 
as bearing surfaces for the faces and 
flanges of the boxes. The bolster pads, 
which insulate the bolster from the truck 
frame, are also faced with Oilite metal. 
In addition to the pad under the center- 
plate, rubber thimbles are provided 
around the king pin and the center- 
plate bolts, the latter also including 
washers. A further precaution against 
unnecessary noise is the provision of 
automotive brake lining wherever the 
members of the truck brake rigging are 
likely to rub. To dampen vibrations 
of lower frequency, Holland _helical- 
volute springs are used on the equalizers 
of all four trucks. These springs consist 
of the conventional helical outer coil 
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with an inner volute spring in place of 
the inner helical coil. The center plate 
bearing, the bearing between the arti- 
culation castings and side bearings are 
all faced with Oilite. 


No two of the trucks carry the same 
load. With the train normally loaded 
the power truck is estimated to carry 
a weight at the rails of 98000 lb.; the 
first trailer truck, between the first and 
second car bodies, 67 000 lb.; the second 
trailer truck, between the second and 
third car bodies, 45000 1lb., and the 
third trailer: truck, at the rear end of 
the train, 30000 lb. The nominal jour- 
nal sizes are, respectively : Power truck, 
6 inches by 11 inches; first trailer, 5 1/2 
inches by 10 inches; second trailer, 
5 inches by 9 inches; third trailer, 
4 1/4 inches by 8 inches. 


Brakes. 


The train is fitted with Westinghouse 
SME-3 brake equipment, which has been 
modified specifically for high-speed arti-’ 
culated train units. This is a straight- 
air system with emergency feature and 
also has a brake pipe which permits 
standard automatic operation of the 
brakes in case it should be necessary 
or desirable to move this train in con- 
nection with steam-train equipment. 
There are three air lines on the train: 

1. The emergency pipe through which 
the supply reservoirs for each vehicle 
are charged at all times under normal 
operation and the loss of pressure from 
which causes the control valves to 
effect an emergency application of the 
brakes. 

2. The straight-air pipe, pressure 
variations in which cause the control 
valves to effect graduated service appli- 
cation and release, and 

3. The brake pipe by means of which 
automatic operation of the brakes can 
be effected when the articulated train 
is moving in connection with steam- 
train equipment or when backing up 
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and on which the conductor’s valve in 
the rear car is placed. 

The brake valve operates the brakes 
by controlling the pressure in the 
straight-air pipe. It is self-lapping, the 
degree of service application varying 
with the position of the handle, a feature 
by which great sensitivity is attained. 
The dead-man control is operated either 
pneumatically by a foot pedal or electro- 
pneumatically by a push-button on the 
brake-valve handle. The release of both 
of these automatically cuts off the 
power and causes an emergency appli- 
cation of the brakes. The brake valve 
also provides, electro-pneumatically, for 
an emergency application of the brakes 
should a failure of pressure in the 
straight-air pipe prevent a response to 
a movement of the brake valve to ser- 
vice application position within a pre- 
determined time interval. 

In order to effect the high rates of 
retardation required to keep stopping 
distances from speeds of 100 or more 
miles per hour within present limits, 
the brake system is designed for a 
200 % braking ratio at 100 lb. cylinder 
pressure. Because of the increasing 
coefficient of brake-shoe friction as the 
speed is reduced, the brake-cylinder 
pressure is controlled automatically as 
the train slows down by a retardation 
controller, a pendulum inertia device by 
which brake-cylinder pressure is reduced 
at a rate sufficient to maintain a constant 
predetermined retardation rate. The 
retardation controller is wired in the 
battery cireuit to solenoids on the con- 
trol valves and through these the control 
of brake-cylinder pressure is effected. 

Aluminum has been used extensively 
in the air-brake equipment in the inte- 
rest of weight reduction. This includes 
the control valves and brake cylinders, 
etc. The supply reservoirs are of stain- 
less steel. 


The heating system. 


The train is equipped with steam 


heating throughout. Each passenger com- 
partment also has its own mechanical 
air-conditioning system. These are in- 
terlocked with the heating system so 
that the force-ventilation feature of the 
air-conditioning equipment is available 
both winter and summer. 

Steam for heating is provided by an 
oil-fired Peter Smith boiler with an 
evaporative capacity of 500 lb. per hour 
at a pressure of 85 lb., furnished by the 
Vapor Car Heating Company. This boiler 
is located at the rear end of the baggage 
room in the second car. Its operation 
is completely automatic and, in order 
to reduce weight, the condensate from 
the radiators is returned to the 50-gallon 
feedwater storage tank. Storage is pro- 
vided for 75 gallons of fuel oil. 

The operation of the boiler is subject 
to three controls : 


1. A water-level control. 
2. A low-water control, and 
3. A burner load control. 


The water-level and low-water con- 
trols are of the electrode, commonly cal- 
led spark-plug, type. The electrodes are 
inserted in a container or bottle which is 
connected to the boiler in the same 
manner as a water column. They are 
of three lengths. The lower end of the 
longest one corresponds to low-water 
level and the vertical distance betweer. 
the other two marks the variation in 
water level within which the feed pump 
is controlled. Current at 110 volts. 
furnished by a small motor-generator 
set, passes from the electrodes to their 
grounded metal container through the 
water. If the water drops below the 
end of the longest electrode, the failure 
of the current acts to close the oil-supply 
valve and stop the burner motor. A 
variation of the water between the ends 
of the intermediate and short electrodes 
serves to cut the feed pump in or out. 

If pressure in the boiler builds up 
beyond a predetermined point owing to 
a load insufficient to utilize all of the 
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steam being produced, a pressure switch 
operates automatically to reduce the 
flow of oil to the burner and the speed 
of the burner motor, thus maintaining a 
flame which is little more than a pilot 
light until such time as the reduction in 
pressure restores the flow of oil and 
the speed of the motor fan to their full 
load amount. 

Heat. is supplied to the passenger com- 
partments from two sources. A fin-tube 
coil in the evaporator unit of the air- 
conditioning system in each compart- 
ment supplies heat to the fresh and re- 
circulated air passing through the units 
to the compartments. Steam is also 
supplied to a copper fin-pipe along the 
truss plank near the floor on each side 
of the compartment. The admission of 
steam to both radiators is controlled by 
motorized valves which are actuated by 
independent thermostats. A thermostat 
for the control of the air-conditioner ra- 
diators is located on a deadlight panel 
near the center of each compartment 
about 5 feet above the floor. The ther- 
mostat for the sidewall radiators is pla- 
ced near the floor and serves to bring 
these radiators into action automatically 
when the heat distribution from the air- 
conditioning unit is not sufficient to 
maintain a predetermined temperature 
at the floor. 

A unique scheme has been developed 
for returning condensate from the ra- 
diators of the front and rear cars to 
the feedwater storage tank on the se- 
cond car. Water from the radiator traps 
drains into small sumps, one on each of 
the two cars. As the water level rises 
in the sump, a float causes a relay to 
open a solenoid valve in the brake pipe, 
admitting air to the sump under regu- 
lated pressure and forcing the conden- 
sate through a separate return line to 
the storage tank. During layover periods 
the entire train can be heated by steam 
from the terminal supply. The heating 
and thermostatic controls are the pro- 
duct of the Vapor Car Heating Company. 


Air conditioning. 


Each of the three passenger compart- 
ments is served by a complete York me- 
chanical air-conditioning unit of 1 1/2 
tons nominal capacity. The compressors 
as well as the condenser and evaporator 
units are all located within the under- 
body below the floors of the coaches. 
The evaporators deliver air through the 
grilles in the bulkheads over the center 
doors into the compartments. Recircul- 
ated air leaves the compartments through 
filter-protected openings in the floor 
over the evaporator units. 

The motors for operating the com- 
pressors and the evaporator unit fans 
were manufactured by the General Elec- 
tric Company. A 7 1/2-H.P. A.C.-D.C. 
motor operates the two compressors and 
the condenser fans on the third car 
and a 3-H.P. D.c. motor drives the com- 
pressor unit and the condenser fan on 
the second car. For standby service 
when the main power plant is not in 
operation a tap from a 220-volt, 60-cycle 
terminal supply can be plugged in to 
operate the a.c. motor on the rear coach. 
This drives the two units on this coach 
and the p.c. motor becomes a generator 
which supplies current for reduced-ca- 
pacity operation of the unit on the se- 


cond car. The bD.c. motors operate on 
76-volt current from the  head-end 
supply. Two 1/4-n.p. and one 1/3-H.P. 


motors drive the evaporator fans. 

The entire air-conditioning equip- 
ment has been designed with the requir- 
ement for light weight as a major 
objective. The evaporator units, includ- 
ing both steam and refrigerating fin 
coils, are aluminum. The compressor 
motors operate at 1750 r.pm, The 
complete equipment, including the mo- 
tors and controls, has a total weight of 
about 2400 Ib., and with refrigeration 
lines, water lines, electric cables, etc., 
included, does not exceed 3 000 Ib. 


Copper pipe with sweated fittings has 
been used throughout the train for water, 


steam and air. Its use has effected a 
piping weight reduction estimated at 
60 %. It is scale-proof and once installed 
possesses a high degree of permanence. 
Because of the difficulty of access for 
replacement of some of the piping on the 
Burlington train, this factor was of con- 
siderable importance. Except for a few 
special fittings, no iron or steel pipe 
has been used. 


Lights. 


The front headlight is a 14-inch 
250-watt, Golden Glow unit made by the 
Electric Service Supplies Company. The 
back-up light is a 9-inch, 40-watt unit 
made by the same manufacturer. The 
marker and classification lights are Pyle- 
National airplane-wing lights in hou- 
sings made by the Budd Company. These 
lights are all built into the body of the 
train, 

All lights inside the car and also all 
auxiliary apparatus are _ controlled 
through Westinghouse Nofuze load cen- 
ters. Arrow, Hart & Hegeman heater 
switches provide for connecting inside 
lights all in multiple, for using only al- 
ternate lights and for dimming the 
lights by connecting the two groups in 
series. 


This train has for several months 
made exhibition tours over various rail- 
roads and was exhibited at the Century 
of Progress, Chicago. 

It will be placed in regular revenue 
service between Lincoln, Omaha and 
Kansas City, operated on a schedule of 
62.75 miles per hour. 


* 
* * 


The Union Pacific train was built 
by the Pullman Car & Manufacturing 
Company, at Chicago. The high-speed 
light weight three-car passenger train 
consists of a forward car, 72 ft. 8 in. 
long, containing the power plant, a 33- 
foot mail compartment and a _ small 
baggage room; a second car, 59 ft .10-in. 


long, which is a coach seating 60 pass- 
engers; and a rear car, 71 ft. 11 in. 
long, which is a coach seating 56 pass- 
engers, with a buffet at the rear for 
serving light meals to passengers at their 
seats. The train is articulated, the three © 
cars being carried on four trucks. The 
total weight of the train is 170 000 Ib., 
about half of this weight being carried 
on the forward or power truck. 

The cars are about 8 inches narrower 
and the car roofs 3 inches lower than 
in conventional car design, and this 
substantially reduced cross-sectional 
area, in conjunction with light-weight 
and streamlined design, reduces train 
resistance to a relatively low value, It 
is expected that the 600-H.p. 12-cylinder 
distillate-burning engine, with its elec- 
tric transmission, will develop a balan- 
ced speed of 90 m.p.h. on tangent level 
track and be capable, under favorable 
conditions, of a maximum speed of 
110 m.p.h. 


Car design and construction. 


To obtain the desired light weight of 
cars, it was necessary to choose between 
the aluminum alloys and stainless steel 
as material for fabricating the cars. The 
former was decided upon because of 
the possibility of using extruded metal 
shapes to take the place of ordinary 
rolled shapes and pressings, and _ be- 
cause aluminum plates can be readily 
formed for the curved surfaces required 
by streamlining. The streamlining 
used was worked out with the aid 
of wind tunnel tests on models, 
and consisted essentially of giving 
the cars a special shape, shrouding the 
trucks, providing shields to cover gaps 
between cars and setting windows and 
doors flush with the outer surface of 
the cars. 

The cars are tubular in section with 
the outer surfaces of aluminum sheets 
and framework built up of extruded alu- 
minum alloy sections. All of the metal 
in the framing is co-ordinated to act 
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as a unit, whether for draft or buff, as 
it is impossible to deflect or stress any 
member without having adjacent mem- 
bers bear their portion of the strain. 
This differs from the ordinary form of 
ear design, in which draft of buffing 
shocks are taken care of by longitudinal 
underframe members. To provide for 
the hazard of grade-crossing collisions 
with highway vehicles, the nose of the 
front car is built out from the heavy 
engine base in the form of structural 
members which make a strong parabolic 
arch. 

To provide both heat and sound insu- 
lation, the entire train is insulated with 
two inches of Rokflos. The floors are 
aluminum alloy plates covered with 
Magnesite, a composition flooring, and 
cork tile. Duplate shatterproof glass is 
used for the windows, which, in addi- 
tion to its non-shattering qualities, keeps 
out sunlight glare by excluding a part of 
the light frequencies in the solar spect- 
rum. 

The interior of the car is blue, shad- 
- ing down from nearly white at the top 
to a dark blue color between the win- 
dow sills, which are made of Micarta. 


Trucks are rubber cushioned. 


All of the four trucks are of the 
four-wheel type with cast-steel frames 
and rolled-steel wheels. The front or 
power truck has 36-inch wheels: equip- 
ped with S K F roller-bearing journals, 
placed outside of the wheels, to provide 
space necessary for the two motors 
geared one to each axle. The armature 
shafts are also on roller bearings, the 
armature being wound for a safe max- 
imum speed of 110 m.p.h. The traction 
motors are G.E. type 716-B-1 600-volt 
p.c. motors, rated at 300 H.p. They are 
force-ventilated, the air being cleaned 
before it is passed to the motors. The 
remaining three trucks have 33-inch 
rolled-steel wheels and inside-type rol- 
ler-bearing journals to reduce the truck 
width and minimize air resistance. 


There is no metallic contact between 
journal boxes and truck frames, these 
being separated by rubber. The rubber 
separation is paralleled by coil springs 
which take the static load. Extreme 
lateral motion of the trucks is damped 
by rubber bushings, and chafing plates, 
ordinarily used between the _ truck 
bolster and transom, have rubber pack- 
ing to cushion the movement due to 
acceleration and deceleration. All coil 
springs are mounted on rubber pads. 


Automatic brake control. 


The power truck is fitted with clasp 
brakes, while single-shoe wheel brakes 
are used on the trailing trucks. Com- 
pressed air for the brakes is supplied 
by two G.E. air compressors, each hay- 
ing a capacity of 25 cu.ft.p.m., driven 
by Louis Allis motors. To avoid rear- 
rangement of.the signaling system and 
also to avoid any additional operating 
hazard it is necessary to stop the train 
from 100 m.p.h. in the same distance 
as a conventional steam train can be 
stopped at ordinary speeds. To provide 
the necessary uniform rate of retarda- 
tion, a new brake control called a « de- 
celerometer is used. This device 
consists essentially of a movable weight 
of about 100 lb., sensitively mounted on 
ball-bearing rollers, and arranged to 
move in the line of motion of the train, 
suitably restrained by a _ calibrated 
spring. Motion of this weight controls 
brake cylinder pressure in proportion to 
its inertia, and therefore in proportion 
to the retardation of the train. To avoid 
a jolt at the moment of stopping the 
decelerometer is provided with a valve 
device which changes the rate of decele- 
ration from a fixed to a low value just 
before stopping. 

The brake system is provided with 
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‘two air lines, one of which distributes 


the air to the reservoirs under each car, 
and the other is used to control 
pressure in the brake cylinders. Paral- 
lel to this pneumatic circuit is an elec- 
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tric circuit actuated by contact points 
on the brake valve, which operates a 
-magnetic control on each pneumatic re- 
lay valve. This not only synchronizes, 
but also accelerates all brake applica- 
tions and releases. 


Power plant. 


The power plant consists of a 12-cy- 
linder, V-type distillate-burning Winton 
engine rated 600 u.p, at 1200 r.p.m., 
directly connected to a 425-kw. West- 
inghouse generator, The generator is 
equipped with a built-in exciter, and 
the characteristics of the exciter, gener- 
ator, motor and control are such that 
the load on the engine is constant. at 
any car speed, being governed entirely 
by the position of the engine throttle. 

A 25-kw. auxiliary generator of Win- 
ton design, driven from the end of the 
main generator shaft, is used for charg- 
ing the storage battery and operation of 
air compressors, lighting, air-condition- 
ing equipment and other auxiliaries. The 
voltage of this generator is constant at 
all speeds, including idling. A 64-volt 
Exide Ironclad MVAH-17 battery is 
floated across the auxiliary generator. 
It serves the requirements of lighting 
and auxiliary circuits when the main 
engine is not in operation. 

There is a 7 1/2-kw., 76-volt, 1 200 
r.p.m. D.c. generator driven by a Wau- 
kesha gasoline engine, in the baggage 
compartment of the leading car. At the 
present time, this engine-generator set 
is used only for emergency lighting and 
for heating purposes during yard lay- 
overs in winter. It can, if required, also 
be used for battery charging. If it is 
decided that the train will always be 
operated as a 3-car unit, as it is at pre- 
sent, it is probable that this engine ge- 
nerator set will be removed. However, 
if it is decided that a sleeping car is to 
be added to the train, the engine-gener- 
ator set will be retained to furnish 
power for the compressor and condenser 
fans in the cooling system, since the 
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25-kw. auxiliary generator would not, 
in this case, have sufficient capacity to 
handle the additional load. 

On the meter panel in the engineman’s 
cab are the following meters and gages : 
pD.c. voltmeter 0-1 000 volts; p.c. amme- 
ter, minus 200 to plus 200 amperes; 
speedometer, 0-120 m.p.h.; thermometer, 
32-212° F.; oil gage; fuel gage; engine 
tachometer, 0-1300 r.p.m.; air brake 
pressure gage; two d.p.d.t. knife swit- 
ches for reversing ignition polarity. 
Westinghouse canopy — type TM 359 
switches are used for controlling 
headlights, gage lights, engine starting 
circuits, ignition, etc., and type TM 
13A switches control distillate pumps, 
air pumps, gas pumps and exciter field. 


Heating and air conditioning. 


An air duct is carried throughout the 
train on each side below the floor line, 
and there is also a central ceiling duct, 
these ducts being connected between the 
cars by flexible bellows. Heat is ob- 
tained by passing air through the ra- 
diators of the engine, this air being for- 
ced by blowers through the floor ducts, 
there being an outlet at each seat. Air 
is exhausted through openings in the . 
ceiling duct. Two oil-fired, hot-air fur- 
naces, supplied by the Vapor Car 
Heating & Lighting Company, are instal- 
led in the baggage compartment. They 
are used to heat the cars at terminals 
and in the yards when the engine is 
not running, and can also be used for 
emergency, should there be a failure of 
the heat from the engine radiator. These 
furnaces are provided with motor-driven 
pumps and fans and electric ignition. 
The burners are designed to operate 
with either p.c. or A.c. power and, in 
the former case, have windings which 
generate a.c, current, stepped up by a 
transformer to approximately 10000 
volts for ignition purposes. Thermostats 
control the heating in the cars by oper- 
ating motorized dampers controlling the 
heat from the engine radiator, or by 
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controlling the operation of the oil 
burners. 

Air-cooling equipment is located in 
the baggage room. It is an adaptation 
of the Pullman mechanical system, hav- 
ing a capacity of 7 1/2 tons. It is driven 
by a direct-connected Louis Allis 12-H.p. 
direct-current motor. For cooling the 
cars, the circulation of air is reversed, 
the cold air being discharged from the 
central ceiling duct and _ exhausted 
through the floor ducts. A thermostat 
in the second car controls the operation 
of this unit. 


Lighting. 


Indirect or cove lighting is supplied 
by placing lamps in a trough or a chan- 
nel on either side of the central ventil- 
ating duct. The light is uniformly re 
fiected on either side against the 
ceiling, providing even distribution 
at the reading position. Type-S 64- 
volt 10-watt lamps are used. They 
are spaced 6 inches apart, and the 
circuit arrangements allow for three 
intensities, the lowest being used for 
night lighting when passengers are 
sleeping. With all lights on, the illumi- 
nation at the reading plane is about 
5 foot-candles. 

A special double-beam headlight, 
which provides both horizontal and 
vertical light beams, was developed for 
this train by the Pyle-National Company. 
The vertical beam will serve as a mar- 
ker to herald the approach of a high- 
speed train from a considerable distance. 
The vertical light has a 10-inch silvered 
glass reflector, and the horizontal head- 
light a 12-inch reflector of the same 
type. Both headlights use special 75- 
volt lamps, the upright light having a 
100-watt lamp and the forward light a 
250-watt lamp, The double headlight 
unit, including reflectors, mountings, 
lamp stand, and focusing devices, is 
completely built in, the housing being 
formed as a part of the car-roof stream- 
lining at the front end of the train. 


Classification lamps ar likewise built 
in, the lenses being flush with the 
streamlining at the front end. These 
lamps are a modification of the Pyle- 
National aircraft navigation lights or 
wing lights. Clear, refracting-type lenses 
are mounted flush with the skin of the 
car without interference with the 
streamlining. While it would appear 
that the light beam would point off to 
the side of the car, the refracting-type 
lens directs the beam forward, the effect 
being the same as with a standard clas- 
sification lamp. These classification 
lamps are equipped with 5 1/2-inch 
reflectors, and a movable shutter bet- 
ween the reflector and the lens provides 
for showing either white or standard 
green indication. 

Marker lamps at the rear end are of 
the same design, built in flush with the 
streamlined skin of the car. The lenses 
of these lamps are standard red instead 
of clear, and the lamp is without the 
shutter mechanism, as no change of in- 
dication is required. 


Cab signals. 


The train is equipped with cab si- 
gnals, the same as used on steam loco- 
motives, and these signals will be oper- 
ative in the territory equipped for cab 
signaling extending between North 
Platte, Neb., and Cheyenne, Wyo. The 
cab signaling is of the two-indication 
type, furnished by the Union Switch 
& Signal Company. The signal is moun- 
ted horizontally on the front wall near 
the center of the cab, so as to be within 
the line of vision of both the engineman 
and fireman (1). The cab signal has 
two indications. The one at the right 
displays a green aspect when the track 
ahead is clear for at least two blocks, 
while the one at the left displays a red- 
over-yellow aspect when traveling in a 
caution or occupied block. In addition to 


(1) The fireman is supposed to qualify as 
a maintainer. 


16 


these visible indications, an audible si- 
gnal is provided in the form of an air 
whistle which starts to blow when the 
cab signal indication changes from green 
to red-over-yellow, and continues to blow 
until the engineman operates the acknow- 
ledging switch, located on the right wall 
of the cab near his seat, The whistle 
and the magnet for the control of the 
whistle are mounted below and to the 
right of the engineman’s seat. 

No special equipment for shunting the 
track circuits is provided on this train, 
it being anticipated that the weight on 
the front truck will afford an adequate 
shunt together with the wheels on the 
six axles on the remainder of the train. 

The Pullman Company has just com- 
pleted for the Union Pacific a 6-car train 
of somewhat similar design, powered 
with a 900-H:p. Winton diesel engine. 
Sleeping accommodations are provided 
in three cars of this train, with many 
innovations including louvered sliding 
doors for each berth. 

At the present time, two nine-car 
trains of somewhat similar construction 
are being built for the Union Pacific. 
Each train is to be equiped with a 
Winton 1 200-n.p. diesel engine. 

It is expected that these trains and 
also two additional trains of the « Ze- 
phyr » type, now being built by the 
Budd Company for the Chicago Bur- 
lington and Quincy, will be ready next 
spring. 

Several streamlined, light - weight, 
high-speed, diesel-powered motor trains, 
some articulated, and some with con- 
ventional trucks, are now being built 
or are in process of design for several 
other railroads. Included among these is 
a train for the New York, New Haven & 
Hartford, being built by the Goodyear 
Zeppelin Corporation, and one for the 
Baltimore and Ohio Railroad, being built 
by the American Car and Foundry 
Company. 

Fuel. 
The subject of fuel is ever an im- 


portant one, being as it is, the basic 
foundation upon which the internal com- 
bustion engine is built, The supply of 
suitable fuel and its cost is therefore. 
by far the most important factor involved 
in the whole subject of rail motor equip- 
ment. 

The world’s petroleum experts tell us 
that the supply is more than ample for 
many years to come and at a cost com- 
parable with the prices of today. 


The geologists and coal experts tell 
us that, in so far as diesel engines are 
concerned, we need have no fear of 
failure of an economic fuel supply, they 
feeling, and this opinion is shared by 
many scientists and engineers, that 
should petroleum fuel for diesels rise to 
an uneconomic figure, they, by colla- 
boration with the engine builders, will 
be able to develop a low-cost coal-base 
fuel for diesel engines, provided some 
changes are made in the fuel injection 
and some other parts, the combustion 
chambers sealed from the crankcase, 
and an improved lubricating oil is used. 


By an improved lubricant is meant a 
good petroleum-base lubricating oil to 
which, by processing at an economic 
figure, has been added the properties of 
being able to cling to the surface to 
which it has been applied in spite of heat, 
wash and scraping or wiping action, and 
which is to a large degree non sludging 
or non oxidizing. With the vast research 
and development facilities and the talent 
such as are available today, it is pro- 
bably not unreasonable to assume that 
the future of the diesels is bright indeed 
and that their use will be greatly exten- 
ded wherever power is required. 


Under the « The Internal Combustion 
Engine » section: reference is made to 
some of the various types which have 
been designed for rail service and which 
indicates the desirability of choosing rail 
equipment quite carefully when looking 
forward to protection of the investment. 
It is readily apparent that some designs 
seemingly offer themselves for a long 
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economic service life, by reason of their 
being adaptable to such conditions as 
may possibly develop. Improved lubri- 
cants have been developed and will in 
all probability be commercially available 
in the not far distant future. 

The following fuel specifications are 
largely used for internal combustion en- 
gine rail motor cars and locomotives 
in the United States today. 

The handling of the lighter fuels such 
as gasoline, both in terminals and on 
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cars and locomotives is an exceedingly 
important subject on account of the fire 
hazard involved. 


Many protective devices have been 
developed and, if properly installed and 
maintained, will greatly reduce the 
liability, especially so if all concerned 
with the operation and maintenance are 
carefully instructed and supervised, so 
that they will take every precaution at 
all times while performing their duties. 


Some typical fuel specifications for rail motor cars. 
Gasoline for rail motors. 


Color (Saybolt scale) 
Doctor pe 55h ease 
Corrosion test 
Distillation range : 

Not less than 

5 % over at 

50 % over at . 

90 % over at : 
End point, not over . 
Sulphur, not over . 
Average A. P. I. 59.6-B 59.1. 


16. 
Neg. 
Neg, Immersion. 


180° F. 
284° FB. 
392° F. 
437° FB. 
0.10 %. 


Petroleum distillate for rail motors. 


1. The distillate shall be free from water 
or suspended matter. 

2. The doctor test shall be negative. 

3. The viscosity test shall not be higher 
than 34 seconds Saybolt Universal at 100° F. 

4, Distillation range : 


5 % over at not above . 375° F 
20% >» »> »:- > 425° F. 
501% >< %» > > 450° F. 


90 % over at not above . 550° F. 
End point not over . . 600° F. 

5. At least 95 % shall be recovered after 
distillation. 

6. The residue left in the flask after distil- 
lation shall not show an acid reaction and 
shall not exceed 1-1/2 %. 

7. Sulphur shall not be over 0.3 %. 

Average A. P. I. 39.5—B 39.2. 


Fuel for oi or diesel rail motors. 


The fuel oil shall be a hydro-carbon oil, 
free from acid, grit or other foreign matter 
likely to clog or injure the valves or pipe 
lines. It shall be free from water, sediment 


Gravity 
Flash ; 
Viscosity, ’ Saybolt- “Universal at. 10 F é 
Cold test ; 
Water and sediment . 
Sulphur : : 
Carbon residue ‘(Conradson) : 
Thermal value per gallon . 
Distillation : 

10 % point at deg. F. 

90 % point at deg. F.. 


Residue at 90% after standing 2 hours at 70 F. 


Average A. P. I. 38.3—B 38.0. 


All tests shall be made in accordance with 
the latest A. S. T. M. methods. 
A one-quart sample will be taken prefe- 
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or suspended solids, 
indicated. 

The oil shall conform to the following re- 
quirements : 


Not heavier than 20 degrees A. P. I. 
Min. 125° F.—Max. 175° F, 

Min. 30 sec—Max. 60 sec. 

Max. 16° F. 

Max. 0.10%. 

Max. 0.50%. 

Max. 0.50%. 

Min. 135000 B. T. U. 


except as hereinafter 


Max. 
Max. 
Fluid. 


440. 
620. 


rably from the tank car, or storage tank if 
unavoidable. 


Fuel for oil or diesel rail motors 
as put out by one engine builder. 
The fuel oil shall have a net heat content 
of not less than 18500 B. T. U. per pound. 
Fuel oil shall be hydro-ecarbon oil which 
is free from grit, acid and fibrous and other 
foreign matters likely to clog or injure the 
valves. 
Viscosity at 70° F. not higher than 150° 
Saybolt Universal. 
Flash point shall not be lower than 150° F. 
Sediment and water content not to exceed 


1 %. 
Sulphur content not to exceed 1 %. 
Carbon residue (Conradson) shall not exceed 


0.5 %. 
Average A. P. I. 38.3—B 38.0. 


Lubrication. 


A diesel engine in rail service, all fac- 
tors included, should have an economic 
and useful life of not less than twenty- 
five years based on some five to seven 
thousand hours service per year, depend- 
ing upon the class of service during this 
period. Such performance is deemed 
feasible provided the engines are so 
designed that they will not become 
obsolete during this period and provided 
they are properly maintained and lubri- 
cated. Lubrication is a much more im- 
portant factor as regards net or overall 
ultimate economy than scemingly has 
been generally realized, 

Whether in high-speed long distance 
switching or freight service, superior 
lubrication is necessary to insure long 
life, high availability and low cost of 
operation, all of which are essential if 
the requirements of rail service are to be 
fully met. 

Some engineers have set up 1 000 000 
miles in high-speed passenger service, 
equivalent to’ approximately four years 
at some five to six thousand service 
hours per year, as the general shopping 
period, that is, the time at which crank- 
shaft and other wearing parts would 
require refitting. 

In any event, it is evident that wear 
should be reduced to the lowest possible 
minimum and, when that is done,.a high 
degree of reliability and availability will 


obtain. To this end every effort should 
be made to obtain lubricants that in 
addition to possessing all the desired 
factors of viscosity, flash, fire, etc., 
shall possess the factor of being able to 
cling to the surface in the face of heat, 
washing action (water sometimes gets 
into the oil), scraping and wiping action 
and to offer high resistance to oxidation 
and sludging. 

It should be constantly borne in mind 
that the high efficiency of the diesel 
engine has long been recognized, but that 
the problem of designing it to success- 
fully meet the exacting demands of 
heavy-duty rail service has been a most 
difficult one. Light weight and small 
space requirements are essential, and yet 
the strength of the parts and the lubri- 
cation must be such as to proteet and 
guarantee against even occasional acci- 
dent to or wrecking of the engine, 
caused by failure of parts or lubrication, 


‘even though such happenings be very 


unfrequent, since the cost of repairing a 
wrecked railroad diesel is usually very 
great. The engine damage incurred by 
train wrecks which seem to unavoidably 
happen from time to time, is about all 
the wreck expense the diesel account 
can carry. 

The better lubrication of gasoline en- 
gines is proportionately essential; how- 
ever, the use of such equipment will in 
all probability be limited to small units 
in the future. 

Several satisfactory low-cost methods 
of oil reclamation have been developed 
and are quite generally used in the 
United States. 

All foreign matter is removed, likewise 
fuel and water dilution, the viscosity is 
controlled, and the color restored if 
desired. Heat, electrical or from oil or 
other fire, is used to drive off the light 
ends from the drainage; closed retorts 
with vapor relief are used in some 
instances; in others the circulation of the 
drainage through the still with a con- 
trolled introduction of steam during the 


process is used; the filtering is accom- 
plished by any one of the several com- 
mon methods. In some processes acid is 
used to throw down the sludge before 
heating, in others, as in the steam pro- 
cess, no acid is used, 


The reclaimed oil is at least equal 
to the new oil and many prefer it to 
the new, it seemingly having been temp- 
ered while being used in the engine and 
while going through the reclaiming 
process. 


The cost varies as a rule from two 
to five cents per gallon of reclaimed oil, 
depending on the method used and the 
quantity of oil handled. 


When the steam process is used, the 
by product (the light ends), is used as 
fuel for the reclaimer still, as a cleaning 
oil for cleaning engines or locomotives, 
and in some instances as a penetrating 
oil for locsening nuts, etc. 


Maintenance and operation. 


The late Captain Robert Dollar, 
suecessful marine operator and lum- 
berman, was recognized as one of the 
world’s most progressive business and 
transportation leaders. It was Captain 
Dollar whe after the big war, developed 
the « Round the World Way Ship », a 
radical departure from the practices then 
in vogue. Asked one day, why his line 
had not yet extensively adopted the new 
type and class of propulsion machinery 
which promised to be quite superior to 
the older type then in use, he replied : 
« It takes far longer to teach the average 
operating and maintenance personnel to 
efficiently operate and care for new 
types of machinery than it does for the 
engineers and designers to develop the 
machine itself. Therefore, it is necessary 
for us to take into consideration, the 
time required to educate and train our 
personnel in new types and classes of 
machinery ». 

The importance of a suitable organi- 
zation, supervisors and maintainers, 
should not be overlooked if successful 
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operation is to be obtained even with 
well designed equipment. 

When we take into consideration the 
fact that much equipment built during 
the introductory and development stage 
of any radically new type of equipment 
must necessarily possess to a varying 
degree design errors and defects, it is 
imperative that every effort should be 
made by the management to secure com- 
petent maintainers and supervisors, or 
to so train those engaged in the main- 
tenance of steam equipment that they 
master the art of internal combustion 
engine or motor maintenance. And it 
must be borne in mind tMat the under- 
lying principles involved, especially as 
regards failure, causes and effects, are 
entirely different from those involved 
in steam equipment. Fits, tolerance 
clearances, etc., are far different from 
those employed in steam design. 

In many instances, mechanical depart- 
ment heads and local mechanical officers 
thoroughly competent as regards steam 
equipment have failed, either by inclin- 
ation or by their lack of sufficient stu- 
dy, to master the principles and details 
involved in this new type of equipment; 
hence a failure of such equipment under 
their supervision and direction to render 
a good and economic service which may 
result in condemnation of the equipment. 
Others have mastered the subject or 
assigned full authority over their rail 
motor equipment to a competent staff 
officer, with the result that the equip- 
ment under their supervision and direc- 
tion renders a good account of itself, 
leading to a further and more extended 
use of such equipment with a resultant 
improvement in service and economy. 

In general, it is probably safe to say 
that rail motors should not, except in 
cases of emergency, be operated at more 
than seventy-five per cent of their rated 
capacity, otherwise failures will be 
unduly frequent and the maintenance 
and operating expense unduly high. 

In this connection, a standard method 
of rating internal combustion engines or 


motors for rail service should be devel- 
oped as rapidly as circumstances will 
permit, 

Experience to date has been sufficient 
to enable the railway companies to, in 
conjunction with the manufacturers co- 
operating. through seme joint body, 
provide against man: crrors of design 
and to formulate certain factors of li- 
mitation, especially as regards capacity 


rating. 
It might be well to call attention to 
the practically universal recommen- 


dation that steam locomotives be oper- 
ated normally at some seventy-five per 
cent of their*rated capacity. 

Railway service, especially passenger 
service, by its inexorable demands 
occassioned by schedule and speed re- 
quirements, exacts the utmost from its 
motive power, far more than is exacted 
in any other form of transport; especially 
do we realize that this is so when we 
take into consideration the necessity of 
long economic service life and the low 
operating cost required of rail motive 
power, even though, unlike marine 
power, it is somewhat handicapped by 
the necessity of its being operated by 
one set or class of employees and main- 
tained by another. 

On most steam railroads, the import- 
ance of labor contracts such as_ will 
facilitate the retainment in service, once 
qualified, of runners and maintainers of 
rail motor equipment is exceedingly 
great. 

On some lines this has been accomp- 
lished in both the running and main- 
tenance trades by establishing double 
seniority lists, that is the employee in 
addition to his original seniority as 
developed in steam service will, upon 
his being qualified on rail motor equip- 
ment, be placed on a rail motor seniority 
list with same date as his original date 
on steam seniority list. In this manner, 
both the employee and the equipment are 
protected since should there be insuffi- 
cient work on rail motor equipment at 
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any time to furnish a qualified rail mo- 
tor runner or maintainer employment, 
he can exercise his rights in steam 
running or maintenance work, etc. 

The Chicago, Rock Island & Pacific 
Railway Company, in an effort to protect 
both its employees, and its service and 
equipment, recently completed a Cateche- 
tical Instruction Book for gasoline and 
distillate-burning rail motor equipment. 
This book is the result of some twenty 
years’ experience in the operation of 
gas-electric motor cars and some eight 
years experience with distillate-electric 
motor cars. 


Typical repair and shopping classification 
for gasoline and distillate-electric rail 
motor cars. 


Class 6 repair to be made to motor car 
at 100 060 miles, to condition car for 
additional 100000 miles of service. 


1. Trucks run from under car, wheels 
and motors removed; the truck frame 
center casting, bolsters, wearing plates, 
spring hangers and equalizers checked 
for alignment, cracks, checks, wear, etc., 
and any necessary repairs or replace- 
ments made. Wheels as well as bear- 
ings checked, housing, pedestal jaws, 
etc., and any necessary work done to 
restore to 100 % condition, Also all 
parts of the brake rigging to be restored 
to 100 % condition. 

Gears and pinions cleaned, whitewash- 
ed and checked for cracks and wear. 
The gear housing, axle cap bearings, and 
motor support bearings to be checked 
and any necessary work done to restore 
to 100 % condition. If necessary, remove 
traction motor heads and check armature 
bearings. Clean motors thoroughly and 
see that brush holders and all parts are 
in good condition. 


2. Underframe. Check center castings 
and pins, and side bearings for fit or 
broken parts, lubrication, etc., draft gear 
carrier irons, etc. Check and restore to 
100 % condition all other parts of the 
frame including the anchors and sup- 


27 


24 


ports for all parts suspended under the 
car. Battery box and fuel tanks to be 
checked for any necessary repairs to 
restore to 100 % condition. The air 
brakes, hand brakes, and all other parts 
in the underframe to be checked and 
repaired if necessary, and if any periodic 
inspection, cleaning and tests are nearly 
due, such work should be done. 

3. Car body. In addition to a general 
cleaning and inspection of car body, 
special attention must be given to pip- 
ing, heating system, toilets, windows, 
doors, hardware etc., including ventil- 
ators. Ali safety appliances must be 
checked and all such work performed as 
may be necessary to restore to 100 % 


condition. Car body to be cleaned in- 
side and outside. 
4. Engines. Engine base should be 


checked for cracks, fastenings, anchor- 
age, etc., —- lower crankcase cleaned and 
inspected, main and connecting rod 
bearings removed for inspection and any 
necessary work done to restore to 100 % 
condition, All connecting rod bolts and 
nuts to be renewed and all main bear- 
ing cap screws to be renewed. Cylinder 
heads to be removed and checked for de- 
fects, new piston rings applied, pistons 
and wrist pins checked, and any repla- 
cements made that may be necessary for 
another 100000 miles of service.. Cy- 
linder liners to be checked for wear and 
if necessary new liners applied. All 
liners to be given a coat of corrosion- 
resisting paint on water jacket side. Val- 
ves, guides, seats and springs to be put 
in 100 % condition. Camshaft and 
rocker arm assemblies and roller plugs 
to be inspected and conditioned if ne- 
cessary to make an additional 100 000 
miles. Exhausts should be checked and 
any necessary work done to condition 
for an additional 100 000 miles. Remove 
timing gear case, inspect gears, counter- 
shaft and bearings, and condition for 
100 000 miles of service. 


5. Check water box for cleanliness, 
scale, etc., and also for cracks, and coat 


inside with corrosion resisting paint. 
Check the upper crank case and place 
in 100 % condition. 

6. All parts of carburetor to be check- 
ed for wear and any other defects, Such 
corrections made as may be found ne- 
cessary. 

7. All parts of the ignition 
including the transformers, mounting, 
wiring, switches, distributors, gears, 
bearings, etc., to be checked, and any 
necessary repairs made. 

8. All parts of the governor, throttle 
and the controls, to be inspected for 
wear and defects, and any necessary re- 
pairs made. 

9. The entire cooling system including 
the water pump, to be checked for de- 
fects and worn parts. All scale and ob- 
structions removed from radiators and 
piping etc. The water pump to be 


system 


idismantled for inspection, and all parts 


placed in 100 % condition. 

10. All parts of lubricating system 
checked for wear and defects, and all 
parts placed in 100 % condition. 

11. All piping and wiring to be check- 
ed and any necessary repairs made. 

12. Air compressors. Make orifice test 
of air compressor. Check valves for 
leaks, and discharge pipe for carbon 
accummulation, and any necessary re- 
pairs made. 

13. Clean out the main generator, see 
that all parts are in good condition and 
see that the generator is correctly align- 
ed with the engine crankshaft. 

14. All auxiliary motors to be given 
thorough inspection and test for wear 
and defects, and necessary repairs made. 

15. All fuel tanks, water tanks, piping, 
étc., to be checked and all necessary re- 
pairs made. 

16. All radiator shutters, warning 
horns, bell ringers and other miscellan- 
eous parts to be inspected, and necessary 
repairs made, and tested. 

17. The entire steam heating system 
including electrical apparatus inspected, 
any necessary repairs made, and tested. 


‘system § 
repairs 
its. and gages to 
tested and necessary repairs made, | 
tested. 

20. Paint trucks and touch up such 
other painting as may be nee . 


Class 5 repairs to be made to motor car 
at 200 000. miles. 


1. All items included in Class 6 re- 
pairs are included in Class 5, and in 


addition traction motor armatures are 
to be cleaned, tested, and necessary re- 
rebanded, dipped, baked, 


pairs made, 
and again tested. 

2. Generator bearings to be inspected 
and any necessary repairs made, 

3. Field coils to be cleaned, painted, 
any necessary repairs made, and tested. 

4. Leads, brush holders and supports 
to be placed in 100 % condition. 

5. Connecting rods to be cleaned, 
whitewashed and checked for fractures. 
To be checked with standard jig for 
bend, twist and alignment. 


Class 4 repairs to be made to motor car 
at 300 000 miles. 


1, All items included in Class 6 repairs. 


are included in Class 4, and in addition, 
due to 300000 miles service, crank- 
shaft and connecting rod bearing is to 


be compensated and adjusted to allow — 
Generator to be 


for crankshaft wear. 
aligned accordingly. 


Class 3 general repairs to be made 
to motor car at 400000 miles. 


1. General repairs to be made to entire 


equipment including car body, truck, 


draft gear, brake equipment, power 
plants, controls, auxiliaries, etc. All mo- 
tor armatures to be rebanded. All arma- 
tures, field coils, etc., to be cleaned, 
reinsulated, baked and tested. All wiring 
to be tested and renewed as may be ne- 
cessary. Engine crank shafts reground 
or renewed. 

2. Connecting rods 


to be cleaned, 


power is shown 2 X 300. 


2 PART I. 
General tabulation. of rt mo 


The list renee giving t 
tor cars in service in her 


alone ABE was given Pp 
far. Indeed, the total numb 
motor cars in service in these count 
is made up as follows : 
Total number of rail motor cars : 
Burning gasoline 
— distillate oath: 
— oil (diesel engine) . 
With mechanical drive 
— electric drive . 
— hydraulic drive . 


It should be ‘noted that 33 * the a 
cago, Rock Island and Pacific cars 
shown as gasoline-electric burn distil 
fuel, like practically all the Union 
cific system cars (30 in number 
are also shown.as gasoline-elect 

More detailed sone 9 ane i 


exe cars, ahether. in servi 
construction. In these 
power of multiple power — 
shown with numeral in 
number of power plants 
300-horse power plants, | 


RAIL CARS PUT IN SERVICE BETWEEN THE YEARS 1923 AND 1932. 
(United States, Canada, Mexico.) 


Overall 
RAILROAD. i length 
of car. 
3 1925 Gas.-mech. 175 56/ 56 56 340 
2 1928 Gas.-elec. 215 72/ TT 105 000 
4 1928 Gas.-elec. 275 13/ 16 408 500 
7 1929 Gas.-elee. 400 75! a! 133 200 
3 4929 Gas.-elec. 400 15 Dil 134 500 
2 1929 Gas.-elec. 400 80/ a ee oa 
Fi ui 1929 Gas.-elec. 400 80/ 43, 
mrclison, Topeka ¢-Sania Fe . { 1929 | Gas-clec. 400 | 80/ 35 | 136 800 
1 4930 Gas.-elec. 400 15! 57 134 800 
ot 41930 Gas.-elec. 400 80’ 35 435 000 
4 1934 Gas.-elec. 400 80” 28 140 700 
8 1931 Gas.-elee. 400 75! a 433 950 
2 1934 Gas.-elee. 535 80/ Je 135 830 
1 1932 Gas.-elec. 585 80’ a 139 320 
4(*)| 1932 Gas.-elec. 900 90’ 23/8” ace 240 500 
4 1923 Gas.-mech. 65 29% 7/2 22 48 150 
4 1925 Gas.-mech. 190 55/ 67 56 480 
1 1925 Gas.-mech. 190 55/ 25 54 000 
1 4927 Gas.-elec. 250 60/ 71 93 200 
4 1927 Gas.-elec. 250 60/ “Th 94 000 
Baltimore & Ohio . 5 U8} 1927 Gas.-elec. 250  |607 7 94 700 
6 41928 Gas.-elee. 250 60/ wel 94 700 
it 1928 Gas.-elec. 250 60/ a 99 000 
1 4928 Gas.-elec. 250 60/ 16 100 900 
1 1928 Gas.-elec. 250 6OeN At! 68 154 700 
4 1929 Gas.-elec. 2 x 300 sa 46 zs 
4 1924 Gas.-mech. 68. *¥| 44” 30 29 000 
4 4925 Gas.-meeh. £90 BT 5! 45 63 660 
4 1925 Gas.-elec. AT On OL” 1027 30 67 300 
3 4925 pperelec. 200. a 9” 44 77 500 
. 2 1926 as.-mech. 190 Bi? 5/7. 30 63 660 
meen Haine) : ii 1926‘ | Gas-elee. 250 | 627 6” 42 | 400 100 
4 1926 Gas.-elec. 250 62’ 6” 50 94 '780 
4 1926 Gas.-elec. 250 15? 5! 86 142 000 
8 1926 Gas.-elec. 275, 63’ 3” 54 96 000 
2 1926 Gas.-elee. 275 Tale 3s 84 104 000 
Burlington-Rock Island 3 4929 Gas.-elec. 400 76’ 10 7/8” a 438 000 
4 1923 Gas.-mech. 185 56’ 91/2” 44 66 400 
4 1923 Stor. batt. 400 50/ 50 64 180 
1 1923 Stor. batt. 100 59’ 38” 64 79 000 
4 4924 Stor. batt. 100 53’ 9” 50 69 900 
Canadian National . 4 4925 Gas.-mech. 125 43” 5// 43 29 000 
4 1925 Gas.-elec. 160 59” 7” 32 45 000 
Th 1925 Oil-elec. 200 63’ 1” 57 402 000 
2) 1925 Oil-elec. 400 105’ 1” 424 188 000 
2 1926 Gas.-elec. 120 56’ 2” 50 710 000 
| 
(*) Articulated cars. 


i RAILROAD: el 


4 


Canadian National (continued) 


Canadian Pacific 


Central of Georgia . 


Central Vermont 


Chesapeake & Ohio . 


Chicago & ‘Alton 


Chicago & Northwestern . 


(*) Articulated cars. 


* . . Pak . - . 
A “ . . ° . . 


WNWWW WW We wR 


PEED 
= 
a 


BEARER ERE 


Ee ouFeRPE EE RP RB wR FRE RP RP Ree 


“Oilelec. 
“Oikelec. 
Oil-elec. — 


_ Gas.-mech. | 
Gas.-elec. 
Gas.-elec. 

- Gas.-elec. 


Gas.-mech. | : 


Gas.-elec. 
Gas.-elec. 
Gas.-elec. 
Gas.-elec. 


Gas.-mech. 


Gas.-mech. | 
_ Gas.-mech. 
Gas.-elec. | 
| Gas.-elee, 


Gas.-elee. | 275 
275 - 300 |79” 
| 275 - 30 |797 — 


Gas.-elec. 
Gas.-elec. 


Gas.-elec. 
Gas.-elec. 
Gas.-elec. 
| Gas.-elee. 
Gas.-elec. - 
Gas.-elee. 
Gas.-elec. 


Gas.-elec. 
Gas.-elec. 
Gas.-elee. 
| Gas.-elec. 
Gas.-elec. 
Gas.-elec. 
Gas.-elec. 
Gas.-elec. 
Gas.-elec. 
‘Gas.-elec. 
_Gas.-elec. 
*Gas.-elec. 
| Gas.-elec. 
Gas.-elec. 


| Oil-elec. | 


Gas.-mech. | 


215-300 |79" 
WH 00 


300 
caleba 

400 - 150 |38” 

400 (1727 


400-172" 
400 | 72" 


140 - 

250 =| 60” 

250 | 60” 

150 | 537 

250 |60/ 
90 =| 437 
90 «| 437 
90 ~=—«| 43” 
90. ~=—«| 43” 


275 - 300 |79" 
275 - 300 |79" 


185 | 57” 
485 |55’ 
485 | 55” 
275 - |72/ 
275 |72° 
15 «| 72" 
O75, Vere) ees 
—-475—S«B7” 
220 © |70" 
220 72” 
220 © |72” 
220/72" 
220/72" 
220 |72/ 
220. |72” 
220 |727 
220 =«|72” 
275. 11 T2" 
2X 275 165 


in 5 
ee Type of Total Overall ae Weicht 

RAILROAD. Ao & in| power horse length es Fe 

‘ °| service. plant. power. of car. 2S : 

| 3 

4 4928 Gas.-elec. 275 72/ 35 406 800 
1 4928 Gas.-elec. Bid Ga! 58 107 200 
1 1929 Gas.-elec. 400 65/ 70 422 950 
4 1929 Gas.-elec. 400 65’ 70 422 950 
Chicago & N' orthwestern (continued),< 2 1929 Gas.-elec. 300 75! 40 417 050 
4 1929 Gas.-elec. 2 X 300 | 75” 32 151 800 
2 1929 Gas.-elee. 300 65’ aes 441 700 
4 1929 Gas.-elec. 2 X 300 | 75’ 154 800 
2 4929 Gas.-elee. 2X 300 | 75/7 154 800 
4 4924 Gas.-mech. 135 43/ Ad 41 000 
4 1925 Gas.-mech. 435 43/ 40 44 000 
4 1926 Gas.-mech. 480 |43” 2” 37 43 000 
4 4926 Gas.-mech. 480 43’ 2” 22 43 000 
4 1926 Gas.-elec. 225 65’ 7" 39 98 940 
4 41927 Gas.-elec. 250 60’ 42 93 920 
4 1927 Gas.-elec. 275 65’ 17 108 240 
4 4927 Gas.-elec. 215 65’ 42 108 340 
4 1927 Gas.-elec. 275 657 see 407 260 
2 1927 Gas.-elec. PRES) 75/ Sir 112 280 
1 1927 Gas.-elec. 275 75 49 413 400 
2 1927 Gas.-elec. 275 75/ 37 416 300 
4 1927 Gas.-elec. 275 7h 32 415 500 
3 4927 Gas.-elec. 275 75’ 24 446 000 
4 4927 Gas.-elec. 275 75’ 55 112 280 
4 1928 Gas.-elec. 2715 65/ T7 404 200 
2 1928 Gas.-elee. 275 657 39 400 500 
Eiago, Burlington é Quincy Or 4 41928 Gas.-elec. 275 657 32 406 400 
4 1928 Gas.-elec. 275 65/ 29 106 800 
1 41928 Gas.-elec. 275 65/ 22 4104 500 
by 1928 Gas.-elec. 275 65” 53 409 700 
dl 1928 Gas.-elee. 275 65/ ae 410 200 
5 1928 Gas.-elec. 275 65/ ens 408 400 
4 1928 Gas.-elee. 2 AZO ia” 55 413 500 
1 1928 Gas.-elec. 400 75’ 39 434 800 
4 1928 Gas.-elec. 275 75’ 29 412 700 
2 1928 Gas.-elec. 400 75/ 60 138 800 
2 4928 Gas.-elee. 275 75 oi 415 500 
4 1928 Gas.-elec. 2715 75! 32 414 900 
5 1928 Gas.-elee. 2715 75’ 24 445.300 
1 1928 Gas.-elee. 275 75’ 27 144 500 
4 1929 Gas.-elec. 400. 657 wae 133 V00 
4 1929 Gas.-elec. 400 65/ 133 700 
2 41929 Gas.-elec. 400 75’ 140 100 
as 1930 Gas.-elee. 400 75’ 141 600 
| 4 1923 Gas.-mech. 200 . |52” 9” 30 45 000 
\ Ae 1024 page ae 475 60" 3” x i ae 

me 4 1925 as.-mech, 200 52’ 9” 30 (0 00 
Nicago Great Western . es 1925 | Gas-mech.| 200 {52 9” 30 | 52.000 
; ‘ 2 1928 Gas.-elec. 275 70’ 13/4” 60 96 100 
Ae 4928 Gas.-elee. 275 64/ Se 419 300 

(*) Description of 1 gas.-mech. car not in use omitted. 


(**) Obsolete. 


RAILROAD. 


cific 


Chicago, Rock Island & Pacific . 


Chicago, 


Cleveland, Cincinnati, bie Lie & St. 
Lowis 


“|| Colorado & Southern . 
Columbus & Greenville . 
Detroit & Mackinac 

| Detroit, Toledo & Ironton . 


ry Duluth, Missabe & Northern . 


Erie 


(*) Distillate-electric. 
(**) Obsolete 


 Ohaeag6. Milwaukee, St. Paul « < Pa- 


St. Paul, Minn. € Omaha .¢ 


WEEK EQWWWHOWUFP WE FREE ROP 


— 


1924 


1925, 
1926 


1927 
1927 
1928 


PA) 


1929 
1929 
1929 
4929 
1929 


1930 


1928 
4928 
1929 
1929 


1929 


1929 


1925 
1925 


1926 


1931 


1928 


1929 


1925 
1928 


1929 
1929 


“1926 


1924 
1926 
1926 


1923 
1924 
1924 
1924 
1924 


| Gas. elec. ( 


\Steam.-mech.| 


| ce -m h. | 
elec 


| Gas.-elec. (* Veen 
| Gas.-elec. (* )! 2x 275 
Gas.-elec. (*)| 15 

Gas.-elec. 
Gas. ~elee. | 


| Gas. -elee, 4 


Gas.-elec. 


Gas.-elec. 


| Gas.-elec. 


Gas.-elec. 
Gas.-elec, 
Gas.-elec. 
Gas.-elec. 


Gas.-mech. — 


| Gas.-elec. 


Gas.-elec. 


| Gas.-elec. 


Gas.-elec. © 
Gas.-elec. 


| Gas.-mech. 


Gas.-elec. 


Gas.-elec. 
Gas.-elec. 


Gas.-elec. 


Gas.-mech. 
Gas.-mech. 


| Gas.-mech. 


Gas.-mech. 
Gas.-mech. 


| Gas.-mech. 


Gas.-mech. 
Gas.-mech. 


lk 

\ra 6 3/4” : 
ie 91727 
i 


‘67 67/87 | 57 


215, 
5 AG 6 7/8” | 4 

x 300 |667 10 TSO Ne 
xX 300 |737 10 1/8” | 
X< 300 |73” 10 1/87 
x 300 |66” 101/87 | 
225 |49” 2 1/2” | 
275. |577 4” 
250 |60/ 
535 | 757 

400, [a5 a 
400 Td! 
190 55! 10” 
300 =| 73” 
300 75’ 5 
300) 750" 5”7 

2 x 468 |65’ 15/8” 

2X 104 


RAILROAD, 


Brie (continued) 


Gulf, Mobile & Northern 
New Orleans Great Northern . 


Huntingdon & Broad Top Mountain 
Rk. &é Coal Co. . . 


Illinois Central . 
Lehigh & Hudson River . 


Lehigh & New England . 


Lehigh Valley 


| 
3 
| 
| 
| 


(*) Obsolete. 


97 
E Date Type of Total Overall o0 
R sa 4 
Roms in power horse length a2 Wait 
5 ~| service. plant. power. ofcar: |) 3. , 
oO 
4 1924 Gas.-mech. 65 44/ 13/4” 34 314 920 
4 1925 Gas.-mech. 175 56 11/8” 42 55 800 
1 1925 Gas.-mech. 175 56” 11/8” 42 55 800 
2 1926 Gas.-mech. 175 56 11/8” 42 58 880 
fl 1926 Gas.-elece. 250 617 11/8” oi 94 020 
4 4926 Gas.-elec. 250 61’ 11/8” 32 90 000 
4 1926 Gas.-elec. 250 61’ 11/8” 42 90 190 
1 1930 Oil-elec. 2 > 300 177" 3” is 206 808 
4 4930 Gas.-elec. 2 xX 300 |75’ 6” Er 177 916 
2 4930 Gas.-elec. 2X 300 |75” 6” 53 477 600 
4 4930 Gas.-elec. 2X 300 |75 6” Pic 176 107 
{1 1931 Gas.-elec. 2X 300 |727 11 1/2” 54 475 752 
1 1925 Gas.-elec. alg) 59’ 7” 52 70 000 | 
3 1925 Gas.-elec. die HOF Te 52 70 000 | 
4 1925 Gas.-elec. 175 59 7” 52 72 000 
al 1925 Gas.-elec. 250 62’ 2” 61 95 380 
3 1926 Gas.-elec. 175 59° 93/4” tae 81 000 
1 1926 Gas.-elec. 175 59° 93/4” fee 82 340 
2 1926 Gas.-elec. 275 59 93/4” arid 104 900 
3 1926 Gas.-elec. 275 74? 31/4” a 97 960 
2 1926 Gas.-elec. 220 59 7” ie 70 000 
4 1927 Gas.-elec, 250 |62/ ss 93 000 
4 1927 Gas.-elec. 275 1 eda 27 101 300 
4 1927 Gas.-elec. 275 74’ 31/4” 27 101 300 
4 1927 Gas.-elec. 275 73/ 36 | 4120 300 
5 1928 Gas.-elec. 275 73/ ae 418 '700 
4 1929 Gas.-elec. 300 73/ 120 000 
4 1929 Gas.-elec. 400. 72’ 137 860 
4 1929 Gas.-elec. 400 72/ 139 280 
4 1929 Gas.-elec. 3X 185 |727 439 900 
a 1930 Gas.-elec. 400 72’ 144 500 
4 1930 Gas.-elec. 415 15’ 444 390 
4 49380 Oil-elec. 400. 7927 147 780 
2 1930 Gas.-elec. 535 75/ 40 140 020 
4 1929 Gas.-elec. 2 < 300 |73/ 58 450 000 
4 4927 Gas.-mech. 190 55/ 68 60 000 
3 1927 Gas.-mech. 190 55’ 43 60 000 
di() 41928 Gas.-elec. 2X 250 "| 757 52 452 380 | 
1 1926 Gas.-elec. 225 607 86 86 352 
4 1928 Gas.-elec. 250 60/ 84 94 980 
4 1923 Gas.-mech. 68 42’ 71/4” 40 29 500 
4 1925 Gas.-elec. 220 57’ 4” ae 79 760 
2 1925 Gas.-elec. 220 57’ 4” 52 76 860 
4 1925 Gas.-elec. 220 bi’. 4” 22 76 860 


| 1925 | Ga 
4926 | 
el 4926 * 
1926 
| 1926 
1997 
1927 
A927 
1927 
1927 
1927 | Gas.-elec. | 2 
1927 Gas.-elec. | 200 | 
1927 ; Gas.-elec. | 2X 20 | 
1928 Gas.-elec. | 2 
1928 | Gas.-elec. 
1928 .| Gas.-elee. | 2> 
1928 | Gas.-elec. | 
1929 Gas.-elec. “fl, 


| Lehigh Valley (cont'd) 


Ee PERE RRRPEREREEERRPRER ERR EK 


4929 Gas.-elec. + 
1929 Gas.-elec. | _ 
4930 Gas.-elee. | 
41930 Gas.-elec. | < | 
| Long Istana | 4927 | ‘Gas-mech) | 55/16/"| 43 
bay blige > 
i Bee Actes : 4 1928 Gas.-mech.| 68 |42/ 75/16| 43 
| Lowisiana & Arkansas . } 4 4928 | Gas.-mech, 175 | 55" ii 56 
Louisiana & Northwest 1 4931 | Gas.-mech. | 200 | 58” | 36 | 
Louisville & Nashville 1 1928 - | Gas.clee. | 275 | 60/ ss es 
| oie ita 1927 | Gas.-elec. | 275 |62/ | 67 
| Maryland & Pennsylvania . . . | 1 1929 Gas -elens tulle x 220) 62” | 57 
| Aw: ot : 
3 | 2 1928 Gas.-elec. 475 |70" 73/8” | 24 | 410 
RET TOUR : 1 | 1929 | Gas-elec. |° 175 |70" 73/8" | 24 | 440 
3 1930 | Gas.-elee. | 300 | 
ies ; ; 4 4930 Gas.-elec. 400 
Minneapolis & St. Louis . ao: { 1934 Gas.-elec. | 300 
; Ae 1934 Gas.-elec. |. 400 
Ze IA934 Gas.-elec. | 400 
Mi lis, St. Paul & Sault Ste rs 
pees ae : fe aan i ies aan 1925 Gas.-elee. 475 
1925 | Gas.-mech.| 480 
| Missouri-Kansas-Texas 1925 Gas.-mech, 175 
i ‘ 1932 Gas.-elec. 400 
1932 Gas.-elec. | 445 


1924 Gas.-mech. © 85 


Mors Tae 4924 | Gas.-mech.| 85 


a 

_— | eal aoe aati eel 
eos, 
“es ¥ 
meas 


(*) In process of delivery. 


~~ 
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Missouri Pacific (cont'd) 


Mobile & Ohio 


National Railways of Mexico . 


New York Oentral . 


New York, New Hawen & Hartford . 


35 


29 


tal 
o 
See) i length | 33 
Bos in power orse engt gS rs 
> service. plant. power. of car. oe g 
1 1924 Gas.-mech. 85 43’ 55/16/7| 36 29 000 
i 1925 Gas.-elec. 85 43 55/16”) 24 29 000 
4 1926 Gas.-elec. 85 43’ 55/16” | 28 29 000 
2 1926 Gas.-elec. 85 43’ 55/16’! 30 29 000 
4 1926 Gas.-elec. 225 57’ 4/7 48 83 980 
4 1926 Gas.-elee. 225 57” 4” 42 82 620 
2 1926 Gas.-elec. 225 72’ 95/16”| 40 97 000 
1 1926 Gas.-elec. 225 72’ 95/16”| 40 400 5v0 
41 1927 Gas.-elec. 225 Tl’ 37/8” 86 106 000 
3 1927 Gas.-elec. 225 51’ 95/8” 48 80 400 
2 1927 Gas.-elec. 225 51’ 95/8” 46 80 400 
2 1931 Gas.-elec. 400 Tv’ 03/4” ADE 164 500 
| 
2 1926 Gas.-elec. 220 72’ 95/16”) 40 93 800 
4 1927 Gas.-elec. 220 74’ 35/167| 40 93 800 
2 1927 Gas.-elec. 2X 220 | 74" 35/16”! 27 428 800 
a 1928 Gas.-elec. 2 220.|74" 35/16” ‘: 428 920 
4 1925 Gas.-elec. 405 59’ 10” 57 45 500 
At 1926 Gas.-mech. 76 32/ 25 22 300 
1 1926 Gas.-mech. 76 32/ 37 49 200 
4 1926 Gas.-mech. 16 32/ 35 49 200 
4 1928 Gas.-mech. 25 Leos? 45 6 400 
2 1928 Gas.-mech. 35 30’ 8” 35 17 600 
4 1925 Gas.-mech. 190 58” 13/8” os 65 900 
1 1925 Gas.-mech. 190 58’ 07/8” 50 56 300 
1 1925 Gas.-mech. 490 58’ 07/8” 52 57 000 
4 1925 Gas.-mech. 190 58’ 07/8” 52 61 200 
1 1925 Gas.-mech. 190 58’ 07/8” 52 58 000 
A) 1925 Gas.-mech. 490 58’ 07/8” 4T 60 400 
4 1925 Gas.-mech. 190 58’ 07/8” 47 57 000 
4 1926 Gas.-mech. 490 58’ 07/8” 52 64 500 
4 1927 Oil-elec. 200 75’ 10 1/2” 48 486 700 
4 1928 Gas.-elec. 250 74’ 1103/4” TA 449 500 
4 4928 Gas.-elec. 275 74’ 10 3/4” T4 423 100 
4 4928 Gas.-elec. 300 T5/ 58 128 600 
4 1928 Gas.-elec. 300 T5/ 58 428 000 
dl 1928 Gas.-elec. 2x 120 |76" 51/2” 75 416 200 
4 4928 Gas.-elec. 250 74 103/4” 40 423 900 
4 1928 Gas.-elec. 250 74’ 1103/4” 40 423 600 
4 1928 Gas.-elec. 250 T4 10 3/4” 40 124 100 
4 4928 Gas.-elec. 250 74 10 1/4” 40 423 800 
4 1928 Gas.-elec. 250 74’ 1103/4” 40 426 400 
1 1928 Gas.-elec. 250 747 1103/4” 40 423 700 
4 1928 Gas.-elec. 2X 220 |75’ 6” 39 447 600 
4 1928 Gas.-elec. 2> 220 | 75" 6” 39 147 900 
1 1928 Gas.-elec. 2X 220 |75" 6” 39 447 800 
1 1929 Gas.-elee. 2X 250 |75’ 63/4” 69 160 900 
A, 1929 Gas.-elec. 2X 275 |75’ 63/4” 31 159 990 
4 4929 Gas.-elec. 350 75’ 58 129 975 
4 1923 Gas.-hydr. 480 60% 8” 60 52 800 
A: 1924 Gas.-mech. 120 41/ 10” 35 41 520 


| New-York, New Haven & bar ge 
| ( cont'd oe eet ( 5 
| Gas.-elec. 
- Gas.-elec. 
| Gas.-elec. 
_ Gas.-elec. 


- Gas.-mech. 
Gas.-elec. 


ee FRE GUFE ORE Oe ? 


New York, Ontario & Western . 


| Gas.-elec. 
Gas.-elec. 
 Gas.-elec. 
Gas.-elec. 
Gas.-elec. 
| Gas.-elee. 
Gas.-elec. 
Gas.-elec. 
| Gas.-elec. 
Gas.-elec. 
Gas.-elec. 
 Gas.-elec. 
Gas.-elec. 
Gas.-elec. 
Gas.-elee. 


Northern Pacific 


ai 
be gl 
ee 
red 
1 
1 
jum 
1 
2 
oe! 
2 
3 
“il 
1 
2 


Oklahoma City-Ada-Atoka megene 
; as.-mech. 
Gas.-mech. | 1427 5/16” 
Gas.-mech. g 42’ 5/16” 
Gas.-mech. ’ 5/16” 
Gas.-mech. 42’ 5/16” 
Gas.-mech. B8 ~ 427 5/1677 
Gas.-mech. oo 2! 5/16// 
Gas.-mech. 427 5/16” 
Gas.-mech. | ! Bye 
Gas.-mech. MIB Usy Ciba fa? 
Gas.-mech. | / 
Gas.-mech. 
Gas.-elec. 
Gas.-elec. | 
Gas.-mech. | 
Gas.-mech. | 
| Gas.-elec. 
Gas.-elec. 
Gas.-elec. 
| Gas.-elec. 
Gas.-elec. 


Pennsylvania Me fone | 
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\ 


] 


(*) Purchased second-hand fom another railroad. 


a1 
3) 
Ne EEE EEE ————___—_—_—_—_——————_ SEE, 
; 3 on 
5S | Date Type of Total Overall £2 | weicht 
RAILROAD. A’o-& in power horse length = a ; 
2 ©] service. plant. power. of car. ee : 
| 4 1928 Gas.-elec. 275 73/ 65 424 600 
4 4928 Gas.-elec. 275 13/ |» 13 422 775 
| 4 1928 Gas.-elec. 275 13” TU 122 300 
10 4929 Gas.-elec. POSES Vy Ele 717 429 200 
ennsylvania (cont'd) fact 1929 Gas.-elec. ee tbs (rier 74 128 628 
2 1929 Gas.-elec. 2 CAT awit 73 428 500 
2 1929 Oil-elec. 330 73 72 133 475 
1 4929 Gas.-elec. 400 73 72 4414 225 
iy 1930 Gas.-elec. 445 15! 66 139 400 
ittsburgh, Lisbon & Western . | 1 1924 Gas.-mech. 68 43” 6// | 24 30 300 
J 1 1925 Gas.-mech. 175 55/ 54 54 000 
ittsburg, Shawmut & Northern . . 4 1926 (lear anya 475 55/ 54 54 000 
2 1928 Gas.-mech. 68 42” 7 1/2// | 26 31 320 
1 4925 Gas.-elec. 250 ~=—|'62” 6 1./4/" 50 90 250 
3 4927 Gas.-elec. 250 6279 251/277 32 98 260 
4 4928 Gas.-elec. 2X 465: |'737 | 39 137 100 
4 1929 Gas.-elec. Gtk WIPAO p87 | 39 133 500 
4 1929 Oil-elec. 300 73/ | 34 137 300 
reading Ge oe! 4929 Oil-elec. 300 73/ 19 138 400 
4 1929 Gas.-elec. 2X 300 |73/ aed: 162 700 
il 4929 Gas.-elec. 36420" 7387 64 435 400 
1 1929 Gas.-elec. 3 xX 120 |737 | 64 135 790 
2 1929 Gas.-elec. 2 x 250 |737 24 164 120 
4 1929 Gas.-elec. 2 So 250 Mina2 39 156 720 
4 4930 Gas.-elec. 2 xX 300 |'73” 24 163 800 
richmond, Fredericksburg & Poto-{ 14 1928 Gas.-elec. 2 X 300 | 737 nae 146 000 
ance 3. a Te Se oe } 4929 Gas.-elec. 2- 300 |737 44 | 446 000 
2 4926 Gas.-elec. 2X 200 173’ 35/8” 34 409 500 
4 1927 Gas.-elec. 275 Ta’ 01/2/77 Mein 440 500 
4 1927 Gas.-elec. 275 15’ 01/2” nie 418 300 
‘eaboard Air Line . oat 1927 Gas.-elec. 275 15’ 01/2” Le 447 000 
4 1927 Gas.-elec. 2715. Wie” 0.1/2/7 ... | 107 800 
2 4927 Gas.-elec. 275 75’ 01/2” nel 406 480 
2 1927 Gas.-elec. 275 147 35/107) ... 104 500 
| 4 1929 Gas.-elec. 3X 135 | 74 74 432 120 
Bath Pacifi i al 4929 Gas.-elec. 2 X 300 | 73/ 55 454 600 
outhern Pacific ee. 1930 | Gas.-elec. 400 | 747 34 | 158 400 
/ 5 | 41930 | Gas-elec. | 2x 300 |737 54 | 467 500 
: 2 1929 Gas.-elec. 300 70’ na 448 000 
gs ; 4 1929 Gas.-elec. 300 70/ 25 422 200 
eee ond Louk) 4 4929 | Gas.-elec. 300 |71" 4” 1. | 449 400 
eee 2 {PCS eo |e 4930 | Gas.-elee. 300 |74” ... | 126 400 
6 1930 Gas.-elec. 400 74 Lee 440 500 
I 


+ :  Hewig ery 


_-RATLROAD, 


St. Lowis—San Francisco . 


: St. Louis Southwestern 


| Tonopah & Tidewater. . 5 


Toronto, Hamilton & Buffalo. . 


Union Pacific System . 


Wabash 


Wheeling & Lake Erie . 


Wichita Valley 


(*) S. A. E. rating. 


| Temiskaming & Northern Ontario . 
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J 


a 


| Gas.-elec. 
| Gas.-elee. 


Gas.-elec. 


-Gas 


Gas.-elec. 
Gas.-elec. 

as.-elec. 
Gas.-elec. 


| Gas.-elec. 

i Gas.-elec. ' 
| Gas.-mech. 
- Gas.-elec. 


Gas.-elec. 
Gas.-elec. 


Gas.-elec. 


Gas.-elec. 
Gas.-elec. 


Gas.-elec. 
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~ 3B 
; RAILCARS ON TRIAL OR UNDER CONSTRUCTION. 
Beh. (United States, Canada, Mexico.) 
5 ge) BS 
PURCHASER. : 5 eos ee BE ae Weight Builders. 
5 plant Ha] 8S 
a 5 
Aberdeen & Rockfish. . . 4 Motor. Gas.-mech. |425 38 40 100 |Sterling-Brill. 
| Bellevue & Oascade . . .| 1 Motor. Gasoline. | 33.75] ... 6 400 |Hercules-Twin Coach. | 
Bessemer & Lake Erie . .- 4 Motor. Gasoline. | 22.50] 12 5 000 |Hercules-Twin Coach. | 
Chicago, i al € “ag Winton-General Elec- 
cy sae 4 |Artic. train. Oil-elee. 600 72 | 180 000 tric-Budd. 
Chicago, Mit., St. Peal é . 
Pacific : : 5 Motor. Gasoline. | 46.8 | 8 44 000 |Coach & Car-Buda. 
| Escanaba & Lake Die. 4 Motor. Gasoline. | 25 | 144 9 000 |Fairbanks-Morse. 
Great Northern . 4 Motor. Oil-elee. |400 22 | 158 000 |Standard Steel- West- 
. inghouse. 
| Midland Terminal. .- - 4 Motor. Gasoline. |200 8 26 000 |Company Shops, Pier- 
ce-Arrow. | 
| Pullman Company. . . . 4 Trailer. ay eae 1s: Ae /Pullman. . 
Union Pactfie . . . - + 4 |Motor train.| Diesel-elec. |600 446 | 480 000 |Pullman. 
Motor train.) Oil-elee. i900 424 oe ‘Pullman. 
Chicago Great Western . . 4 Motor. Gas.-elec. |600 on 478 000 |Elec.-M-West-Pull- | 
man. | 
4 Motor. Gas.-elee. |400 22 | 156 300 |Stand. S-West-Sterl. | 
| Georgia Northern 4 Motor. Gasoline. | 75 | 25 | 20 000 |Edwards Ry. M. Car. 
Penmsywania . . . - . 1 Motor. Oil-elee. [125 30 | 25 000 | Cummings-G.E.-Budd.| 
4 Motor. Oil-elee. 425 46 | 25 000 | Cummings-G.E.-Budd. 
| Reading 4 Motor. Oil-elee. [425 | 47] 22 000 |Cummings-West- 
Budd. 
Rio Grande Southern . 4(*); | Motor. Gasoline. | 40 6 5 300 |Company shops. 
1 Motor. Gasoline. | 50 tl 10 300 |Company shops. 
4 Motor. Gasoline. | 50 io 14 800 |Company shops. 
: 4 Motor. Gasoline. | 50 s 45 200 |Company shops. 
Tewas & Pacific . 1 Motor. | Gas.elec. | 400 | ... | 45 000 |A. La France-West.- 
“Meee: Budd. 
1 | Trailer. «. .. | 65] 80 000 | Budd. 
Canadian Pacific. . - -} 9 | Motor. | Gas.-elec. |400 | ... | 150 000 |Elec..M.West  Otta- 
wa Car. 
2 | Motor. Gas.-elec. |400 | 25 | 144 200 |Ottawa Car. 
(*) 3-foot gage. : 


SSS __ 


b) Other countries. than those of Continental Europe, and 


The general tabulation hereafter shows, with the exception of the U.S.A., Canada 
according to the replies received, the and Mexico. 


rail cars in service or under construc- These Railroads are the following : 
tion on January 10, 1933, in respect of Ceylon Government Railway. 
railroads belonging to countries other Chosen Government Railways. 
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“3t 


as AM  — : ; 
To 7 evs Te ; 
‘ CRE f aK; ace er 


RAILROAD. 


‘ 1 Ceylon Government Ry. . 


| Chosen Government Rys. 


| Egyptian State Rys. . 


| Great Southern Rys, (Ireland) 


Great Northern Ry. (Ireland) 


London Midland Scottish Ry. . 


Great Western Ry. . 


) 
aj 


me MO HD TE TN Ww 


wo SP WH ~/ ~ 


PW BMW WW AP Ww 


~ power plant. _ 


“Steam engine. 
Sentinel-Cammell. 
x D oO. : 


‘ 


Steam engine-Clayton. 
Steam engine, Sentinel. | 
Gas.-mech. Ford. | 


Gas.-mech, Buda. 
Diesel-mech. 
Gas.-mech. Waukesha. 
Do. 
Diesel-mech. Benz. 


Steam engine-Clayton. | 


Do. Do, 

Do. Birmingham. 
Do. 
Do. 


Sentinel-| 
Cammell. 


Gas.-mech. Drewry. 
Do. Do. 
Steam engine-Clayton. 
Do. Do. 
Drumm-electric, 
Battery driven, 
Diesel-mech. 

Do. 
Steam engine. 
Sentinel-Cammell, 
Do. 


Steam engine. — 


j 


Do. 


, | Narrow gage. | 


Articulated. 
Single. 
Articulated. 


Sets of | 
2 coaches. 


41 
35 
3 2 g Type of eas Bo 
RAILROAD. gS x 3.8 FS af fare. 8 # S Notes. 28 vee 
5 O17 Sy power plant. Se mp 3 S Fons. 
Oo 
! 
24 1927 |2 cyl. steam engine- 100 59 | 28 tons, 
Sentinel-Cammell. 
45 1928 |6 cyl. steam engine- 100 59 31 tons. 
Sentinel-Cammell. 
ndon & North Eastern Ry. . -\ 1 1933 Diesel-electric. 250 | Articulated. | 60 42 tons. 
ees 4930 |2 X 6 eyl. steam engine-|2>200} With trailer. | 122 /|105 tons. 
Sentinel-Cammell. 
5 Do Do. Do. 2X 250 Do. 48 Ad tons. 
ERE 80 Yoon ics OAs rs Do. 125 Do. | 59 | 29 tons. 
j 2 1915 Gas.-mech 45 70 11.10 t. 
ith Indian Ry. F } nl 1926 Do. 65 80 13.10 t. 
| 
1 4927 Gas.-mech. 100 45 ee 
{ Do. Do. 2X 74 Ato6t.| 44.4% 
it 1928 Do. 2X 90 42 11.8 t 
’ 4 Do. Do. 2X 90 60 12 tons 
th African Rys. . 2 | 1929 Do. 2X 90 49 Adare: 
1 1929 | Steam engine-Clayton. 100 70 | 25 tons 
12 1931 Gas.-mech. 2X 90 34049) 29.5 t 
1 1929 Do. 2X 90 380 /21.5t,N,G 
4 1926 Do. 60 26 |6.7t.N.G 
l 
RAILCARS ON TRIAL OR UNDER CONSTRUCTION. 
3 | Motor Type of ge | a= | Weight, 
PURCHASER. E or power Sree Builders. 
ie trailer. plant. pea ee = tons. 
ee eee ss EEE an 
it Northern Ry (Ireland) . at Motor. Diesel-mech. 90 | 49/44 | 15 tons. | Walker Bros.-Gardner. 
lon Midland Scottish Ry. . 3 | Do. Diesel-hydr. 130 40 AOC ts Leyland . 
fon North. Hostern Ry. : Toe: es a oe ae : ts 
it Western Ry. < | 4 Do, Diesel-mech. 130 78 
4 Trailer. Gas.-mech. 2150| 52 | 35 tons. |Drewry Car Co.- Parsons 
h Africain Rys.. . . : Marine Engineering Co. 
1 Do. Gas.-hydr. 2X225| 68 49 tons. Henschel & Sohn. 
PART III. ministrations deemed interesting in res- 


Particulars relating to rail motor cars 
belonging to the railroads which re- 
plied to the questionnaire. 
a) Predominating types of rail motor 


cars. 


Rail motor cars which Railroad Ad- 


pect of their possible future development 
are represented diagrammatically in fi- 
gures 1 to 11. 

The Ceylon Government Railway 
points out that it is not likely that the 
steam type of rail car will be increas- 
ingly used in the future. Cars of this 
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TRUCK CENTERS 


"Ot 


LENGTH OF BODY. 


— 330-H-P., 


Passenger compartment. 

Baggage compartment 

Mail compartment . 

Toilet compartment 

Underframe. 

Coupler 

Buffer. . 

Possibility of coupling 
one-man drive) : 

Possibility 

Body 

Ventilation 

Heating 

Inside lighting ; 

Track lighting by ‘the headlights 

Kind of transmission rete 

Driving bogies 

Engine 


“up ‘(with other railear 


of hauling one ‘or “several trailers ; 


Starting 
Generator : 
Traction motors . 


Remote control 
Wheels : 
Axle boxes . 
Brakes. 


Storage batteries 

Location of radiators . 

Total weight, empty . 

in working order 5 
Maximum power developed by angpie in service . 
Two-direction drive Dee #8 


Maximum speed. 


type will probably be replaced by diesel 
rail cars. 

The Chosen Government Railways own 
1 steam railcar and 42 gasoline-engined 
railcars. with mechanical drive, 10 of 
which are for narrow-gage _ track. 
Whereas all these cars were put into 


class O.W.E. 330, oil-electric railcar, 


and 


Pennsylvania Railroad. 


One class, 72 seats. 

90 sq. ft., 6000 Ib. 
None. 

Ww. C. 

O. H.S. 

Conway Torley-Janey, 9’. 
Pullman. 


No. 

Yes. 

Copper bearing steel. 

Roof ventilators. 

Peter Smith coal-fired hot water heater. 
32-volt, 25-watt lamps. 


Yes. 

Electrical. 

One. 

One, Westinghouse Beardmore diesel, 330-H.P., 
6 cyl., 8 1/4° bore, 12” stroke, 800 r.p.m. max. 


Storage battery. 
One, Westinghouse, type 477 B, 600 volts, 420 amp. 
Two, Westinghouse, type 569 C4; 250 H.P., 
660 volts, 210 amp. 
Electro-pneumatic. 
Rolled steel. ’ 
Hyatt, roller bearing. 

Westinghouse, type A.M.L. air brake with safety 
control features. : 
Two lead-acid type, 16 cells, 225 amp./h. capacity. 

One on roof at front end of car. 

130 875 Ib. 

133 475 Ib. 

300 H.P. 

Double end control; 
end. 

60 m.p.h. 


driver’s compartment at each 


service between 1928 and 1930, in 1933 
this System introduced 2 diesel-engined 
railcars with mechanical transmission. 
They are equipped with a single 110- 
H.p. Benz engine and the transmission 
is of the Cotta type. 

The Great Northern Raiway (Ireland) 
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73—O" 


LENGTH OF BODY 


DRIVERS SEAT 


Fig. 2. — 400-H.p., class G.E.G. 400, 


Passenger compartment. 
Baggage compartment 
Mail compartment . 
Toilet compartment 
Underframe. 

Coupler 

Buffer. . 

Possibility of “coupling 
: one-man drive) 3 
“Possibility of bee a one or several trailers ; 
Body . SS tee ed : 
Ventilation 

Heating . . 

Inside lighting 

Track lighting by ‘the headlights 

Kind of transmission A 

Driving. bogies 

Engine . 


“up (with other railcar and 


Starting 
Generator ae 
Traction motors . 
Remote control 
Wheels 

Axle boxes . 
Brakes. 


Storage batteries 
Location of radiators. 
Total weight, empty . . 

— in working order : ; 
Maximum power developed by engine in service . 
Two-direction drive car ee 


Maximum speed. 


owns two 110-n.P. diesel-driven rail cars 
with mechanical transmission (fig. 7 
and 8); no decision has been taken as 
yet as regards the pdaption of a given 
type of car. 


The Great Southern Railways (Ire- 
land) own 10 steam rail cars, 4 gasoline 


gasoline-electric railcar, 


Pennsylvania Railroad. 


72 seats. 
6 000 Ib. 


One class, 
90 sq. ft., 
None. 


eis 
C onway 
Pullman. 


No. 

Yes: 

Copper bearing steel. 

Roof ventilators. . 

Peter Smith coal-fired hot water heater. 

32-volt, 25-watt lamps. 

Yes, 

Electrical. 

One. 

One Winton gasoline, 400 H.P., 
10” stroke, 900 r.p.m. max. 

Storage bafitery. 

One, G.E., type DT 513 A, 600 volts, 540 amp. 

Two G.E., type 297; 220 H.P., 600 volts, 280 amp. 

Electro-pneumatic. 

Rolled steel. 

Hyatt roller bearing. 

Westinghouse type A.M.L. air brake with safety 
control features. 

One, lead-acid type, 16 cells, 225 amp.-hr. 

Two on roof at front end of car. 

138 325 Ib. 

141 225 Ib. 

400 H.P. 

Double end control, 
end. 

60 m.p.h. 


Torley-Janey, 9’. 


8 cyl.; 8” bore, 


capacity. 


Driver’s compartment at each 


rail cars with mechanical drive, and two 
400-H.p. accumulator-driven articulated 
rail ears} (fig..9, pp.56 and, 57). 

The rail cars of the London Midland 
and Scottish Railway are all steam- 
driven (Sentinel). However, this Com- 
pany has on trial or under construction 


54_8" TRUCK CENTERS 
mee, OM —LENETM OF pony 


TI 


eo 


Velall fe Oi a (| fon 


Fie. 3. 41bP. 


Passenger compartment. 

Baggage compartment 

Mail compartment 

Toilet compartment 

Underframe. 

Coupler 

Builoriretsy “ako wees.. ts. i. 

Possibility of coupling up 
one-man drive) : 

Possibility of pane one or several | trailers 3 

Body : it: eS i we 

Ventilation_ 

Heating 

Inside lighting 6 

Track lighting by ‘the headlights 

Kind of transmission 

Driving bogies 

Engine. 


(with other 


Main generator . . 
Auxiliary generator 
Traction motors . 
Remote control 
Wheels : 
Axle boxes . 
Brakes. 


Storage batteries 
Starting 
Location of radiators. 
Total weight, empty . 

— in working order ; 5 
Maximum power developed by engine in service 3 
Two-direction drive \ 60 uae ns 


Maximum speed. 


3 light rail cars with Leyland diesel en- 
gine and hydraulic transmission. 

The London and North Eastern Rail- 
way only uses Sentinel steam rail cars, 
except for one 250-n.pP. diesel-electric 


railcar and 


DRIVERS SEAT 


class G.E.G. 415, gasoline-electric railcar, Pennsylvania. 


66 seats. 
4000 Ib. 


One class, 
146 sq. ft., 
None. 


Conway Torley-Janey, 9’. 


Brill. 


Copper bearing steel. 

Utility exhaust tvpe in roof. 
Otis oil-fired steam boiler. 
32-volt, 25-watt lamps. 


Yes. 

Electrical. 

One. 

One. Brill model 660 ‘gasoline, 415 H.P., 6 cyl.; 
8 3/4’ bore, 10 1/2” stroke; 950 r.p.m. max. 

One, G. E., type DT 524; 600 volts, 560 amp. 

One G. E., type 1143, Forma-I, 37 volts. 

Two G.E., type 710 A; 220 H.P.; 600 volts, 280 amp. 

Electro-pneumatic. 

Rolled steel. F 

Hyatt roller bearing. 

Westinghouse type A.M.L. air brake with safety 
control features. 

One, lead-acid type, 16 cells; 300 amp./h. capacity. 

Storage battery. 

Four on roof at front end of car. 


Double end control. Driver’s compartment at each 


end. 
60 m.p.h. 


unit. Two 250-H.p. Armstrong-Whitworth 
diesel-electric rail cars are furthermore 
under trial or being built, and one 95- 
H.P. diesel railbus from the same builder 
(see figs. 5 and 6). 
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With the exception of one steam rail 
car, the South African Railways only 
use gasoline rail cars with mechanical 
drive. They have also under trial a ga- 
soline car with hydraulic transmission. 


b) Diagrams showing car acceleration 
and transmission efficiency. 

The diagrams, figures 12 to 14, show 
the acceleration and maximum speeds, 
on the various grades, of the typical 
Pennsylvania Railroad cars. 

The acceleration curve of the London 
Midland and Scottish Railway diesel 
rail car with hydraulic transmission 
shown in figure 15 is of particular in- 
terest. This Railway points out that : 


1. The maximum deceleration may be 
taken as equal to 3.5 feet per sec. per 
sec. 


2. The efficiency of the hydraulic 
drive is amply in excess of 80 % in 
most of the cases of indirect drive, and 
even 90 % in the case of direct drive. 


-The efficiency may be taken as equal to 


92-94 %. 


c) Characteristics of the engines. 


The information supplied by the Ad- 
ministrations in connection with the 
constructional characteristics of the 
more typical internal combustion en- 
gines is summed up in the appended 
tables, pp. 52 to 57. 

The diagrams, figures 16 to 20, show 
the power, torque and fuel consumption 
curves of the internal combustion en- 
gines used as prime movers on the more 
typical rail cars of the Pennsylvania 
Railroad, and the Great Northern Rail- 
way (Ireland). 

Practically, all diesel engines are of 
the 4-stroke, 6-cylinder type. Great di- 
versity is found in the methods of in- 
jection: direct mechanical injection 
(Pennsylvania Railroad, Reading Com- 
pany, Great Northern Railway, Ireland) ; 
pre-combustion chamber (Reading Com- 


pany); swirl type Ricardo combustion 
chamber (Great Northern Railway, Ire- 
land); forechamber type( London and 
North Eastern Railway); Leyland com- 
bustion chamber (London Midland and 
Scottish Railway). The angular speed 
varies between 775 r.p.m. (London and 


‘North Eastern Railway) and 2000 r.p.m. 


(Great Northern, Ireland & London Mid- 
land and Scottish Railway). 

The three starting methods are in use : 
self-contained electric starting gear; 
main generator working as a motor 
excited by a storage battery; finally, 
compressed air. 


d) Particulars 
sions. 


relating to transmis- 


As typical information supplied by the 
railway companies, we give the very 
complete data furnished by the Penn- 
sylvania Railroad (figs. 21 to 23). 


e) Wheels, axles and bogies. 


As a rule, the wheels used are of the 
normal railroad type. The Great North- 
ern of Ireland uses lightened-out wheels. 

The mileage run between two tire 
reconditionings varies between 30 000 
and 70 000. 

The Reading Company mentions the 
use of wheel flange lubricators. 

Some companies use roller bearing 
axle boxes on driving axles as well as 
carrying axles (Pennsylvania Railroad, 
Great Northern of Jreland, London 
Midland and Scottish Railway). The 
South African Railways use plain bear- 
ings on driving axles and roller bearings 
on carrying axles. Isothermos axle boxes 
are used by the London and North 
Eastern Railway on diesel rail cars, and 
plain bearings on Sentinel steam cars. 

The Chosen Government Railways use 
roller and plain bearing axle boxes. 

The use of wheels running loose on 
their axles has not been reported. 


f) Braking. 
Several Companies mentioned the use 
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PRINCIPAL CHARACTERIS' 


Engines By ec NTRS A Rete ty Oe 
A)! Cycleter tri st ashe, ee helagenncs 
| Ignition si nich | He egenne Beene Rel ee 


Type of head . 


B) Number of cylinders . 


Bore . 

Stroke 5 

Speed (r.p.m.) 
Nominal horse power 
Peak horse power 
Max. power in service . 


C) Number of 


erankshaft 
bearings : St 


Type of bearings 
Metal used 


rod bearings . 
Type of bearings . 
Metal used . 


D) Valve gear 


EK) Type of ignition 


F) Cooling system : 


Pump 5 

Type of radiator . 

Draft : 

Normal temperature : 
Max. allowable temperature 


G) Lubrication and control . 


Operation 
Control 


(*) Railbus. 


main 


Number of crankshaft connecting 


Special cold weather precautions . 


Pennsylwania Railroad. 


330-H.P. diesel. 


4 
Compression. 


« I » direct 
injection. 


6 


8 1/4” 
12” 
800 
300 
330 
300 


7 


Plain. 
Babbitt. 


6 
Plain. 
Bronze, 


Solid 
Westinghouse 
fuel pump. 


Centrifugal. 
Tubular, finned. 
Natural. 
170° F. 
200° F. 
Shutters on 
radiators. 


Force feed. 


Under pressure. 


400-n.p, gasoline. 


4 
Spark. 


Plain. 
Babbitt. 


8 
Plain. 
Babbitt. 


Delco battery. 


Centrifugal. 
Tubular, finned. 
Nat. and forced. 

70OoR, 
200° F. 

Car heating 
system may be 
interconnected. 


Force feed. 


Under pressure, 


; Pressure, controlled by spring-loaded 


bypass. 


« I » carburetor. 


415-H.p, gasoline. 


4 
Spark. 


« F >» carburetor. 


6 


83/4” 

10 1/2” 
950 
400 
415 
400 


7 


Plain. 
Babbitt. 


6 
Plain. 
Babbitt. 


Magneto. 


Centrifugal. 
Tubular, finned. 
Forced. 
170° 8; 
200° F. 
Steam heating 
under radiator. 


Foree feed. 


Under pressure, 
By high and 
low-pressure 
relief valves. 


Reading. 
Company 


ee ae 


Diesel and -g 


4 and 2 
Compressic 
and spar! 
Precombusti 

chamber, 
air chamb 
direct inject 


6 


71/4” 
gr 
1100 


250 


7 


Plain 
Bronze-babb 
ball or roll 


2 intake a 
2 exhaust © 
cylinder. 


Centrifuga 


Forced. 
150-180° F 
200° F. 


Force feed 


Under press 
Connected 
with thrott 


FE ENGINES. 


reat Northern Ry. (Ireland). 


Diesel A. 


4 
ompression. 


eardo swirl 
> combustion 
chamber. 


6 


41/2" 
5 19/32/7 
2 000 


130 
110 


7 


Plain. 
ead bronze 


nd tin-base 
babbitt. 


eee 


inary poppet. 


entrifugal. 

Tubular. 

Natural. 
184° F. 


red at night. 


‘orce feed. 


ler pressure, 


Diesel B. 


4 
Compression. 


Direct injection. 


Plain. 
Gun metal 
white-metal 

lined. 


Horizontally 
opposed, 


Centrifugal. 
Tubular. 
Natural. 

184° F. 


London North Eastern Ry. 


Diesel (*). Diesel. 
4 4 
Compression. Compression. 


Forechamber type. 


6 6 
4 5/16” 8 5/8” 
6” 11” 
1 700 775 
95 250 
oe oe 
7 7 


Overhead poppet valves. 


Tubular. 


140 to 167° F. 


Tubular. 


Covered at night. Automatic device 


Force feed. 


Under pressure. 


Under pressure. 


for draining 
radiators. 


Force feed. Force feed. 


By speed of engine. 


Plain. 
White metalled. 


Under pressure. 


London Midland 
& Scottish Ry. 


Diesel. 


4 
Compression. 


Leyland 
combustion 
chamber. 


6 
45/8” 
6/ 

2 000 
130 
130 
130 


is 


Plain. 
Steel shells lined 
with white metal. 


Overhead poppet 
valves. 


Centrifugal. 
Natural. 


185° F. 
200° F. 


Gear type pump. 


South 
African Rys. 


Gasoline. 


4 
Spark. 


6 


31/27 

5/7 

2 000 
65 


“90 


4 


Plain. 
White metal. 


Forced. 
180° F. 
200° F. 


Splash and oil 
pump. 
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H) Starting gear ;: 


Drive 


Control 


I) Kinds of metal used 
in pistons Pee 
in connecting rods . 


in crankshaft 
in valves 
in valve gear . 


J) Fuel pump and injectors . 


K) Throttle—Method of working 


L) Weight of engine with flywheel . 


Weight without flywheel . 
Weight of fuel . . 

Weight of lubricating ‘oil 
Weight of poelme water . 
Fuel used . . nes 


General particulars of fuel . 
Flash Oe ee ere 

Pour test . 5 

Viscosity at 70° F : 
Distillation test below 460° i, 


Distillation test below 675° EH. . 

Fuel which can be substituted . 

Fuel consumption in Jb. = Bee 
hour full load . ; 


3/4 load 
LZ Load. sense 4. tie eee ne 
Consumption of lubricating oil 


per H.P.-hour. . 


M) What special precautions taken 
to protect the engine when carried 
on the bogie? . 


(*) Full speed. 


<——— Storage battery and main generator. 


Ak 


Aluminum alloys. 


Pennsylvania Railroad. 


Magnetic switches. > 


Y 


Steel. > 
=< Steel. > 
< Alloy steel. > 
=< Steel. > 

Westinghouse Carburetors. 
system, . 
Electro-pneuma- | Connected with |Manually operated 
tically operated controlling lever. 
through master- point of - 
controller leyer. bypass of oil. 
6 933 Ib. 11100 Ib. 8 280 Ib. 
5 887 lb. ee a 
1 440 lb. 1 540 lb. 2 460 lb. 
495 Ib. 200 lb. 300 Ib. 
680 Ib. 1160 Ib. (Ab: 
Fuel oil. Gasoline. 
~<—— Above 62 octane rating. ——> 
Min. 137° F. a se 
Max. 0° F. 
Max. 80 seconds. 
Min. 10%, 
max. 35 %. 
Min. 90 %. — a) 
None. None. None. 
(*). 


0.42 


Not 


0.65 (*). 


carried on the bogie. 


Storage batt 
and main 
generator. 

Magnetic swit 


Aluminum all 
High-carbo 
steel forgin, 


0.40 carbon s 

heat treate 

Silchrome st 
Steel. 


2 Zenith ca 


Electro- 
pneumatic 


Gasoline. 


Great Northern Ry (Ireland). 


Air motor starting. 


| Aluminum alloys. 
Steel drop 
forgings. 


Aluminum alloys. 
Nickel-chrome 
steel. 


Nickel-chrome |High-carbon steel. 


steel. 
Silehrome steel. | Chromium steel. 
Steel. 


Bosch pump and sprayers. 


Lever control. 


3750 Ib. 


1477 Ib. 
aa Flyw. 346 lb. 


Shell light Dieseleum. 
0.880 sp. gravity. 


0.425 


0.42 

0.44 
0.5 pint 0.75 pint 
per mile. per mile. 


London North Eastern Ry. 


Storage battery and main generator. 


Aluminum alloys. | Aluminum alloys. 
Nickel chrome steel. 


Alloy steel. 
Alloy steel. | Jessop’s steel. 
Alloy steel. 


Sulzer pumps 
Bosch injectors. 


Electric. 


Eng, and gen., 4.3 tons. 


1 1/2 tons. 


Shell light Dieseleum. 
0.865 sp. gravity. 
212° BF. flashpoint. 


8 miles per gallon./4.5 miles per gallon. 


London Midland 
& Scottish Ry. 


Electric starter. 


Aluminium alloys. 
3.5 % nickel 
steel heat 
treated. 


Ni.-chrome steel 
case-hardened. 
Ni.-chrome steel. 


Hadfield’s steel. | 


CAV Bosch pumps. 


Arens pushpull 
control. 


1 700 lb, 


Shell light 
Dieselum. 


0.42 pint/p.H.P.-hr. 
0.40 do, 
0.42 do. 


0.01 pint. 


South 
African Rys. 


Marvel carburetor. 


Hand controls. | 


Gasoline. 


; F heading 
_ Pennsylvania Railroad. Company. 
Insulation of body against noise None. Fibre composition insulating Rubber 
and vibration from the engine. . material between bedplate and spring 
and car framing. mounted. 
N) How often is engine overhauled? 150 000 miles. 125 000 miles. 
Parts systematically requiring 
attention SVesc! oa! ale \S Pistons, rings, Pistons, rings, cylinder linings, 
cylinder linings, valves and seats, bearings, 
valves and seats, exhaust pipes, gaskets. 
bearings, timing 
gears, fuel pumps, 
erankshafts 
re gaskets. 
Parts failing frequently . . . .] Connecting rod, Valves and seats. Vacuum system 
bearings. gaskets, air 
system, ignitior 
: switches. 
Causé-of, failurey. \. Ween. % Excessive Excessive heat. 
pressure. 
Remedya adopted. «| <7 a. seein Changed Replaceable valve seats with 
to bronze metal Stellite face screwed in type. 
bearing from 
babbitt type. 
—— == SO a i 
5; am. 7 , ee ; A | TATA 
7. Li a ZZ Zan oto. | 
= : 
ae 
aaa a 
There (Now. SMoKing) Ti ue) GO sears 
Ie 
TEAL noon im ooo 
Fig. 9. — 400-n.p. battery-driven « 
Passengers Ter mene SMe Ch a eo OS. 8 2 classes, 140 seats, no standing: 
Luggage . . wg ws wl kf i ne ers Area = 55 sq. ft. 
Underframe.. 3+ « & 4 -% oem coped eee ee ee 


Body Pe eae, ood. 
Possibility of coupling with another railcar and one-man drive. . Yes, with cars of the same type. 


Hauling of trailers . Yes. 5 
Ventilation Louvres over windows. 


Inside lighting ee aren i ee Electric. 
Transmission a ee an, RT NS ap eal Geared. 


Great Northern Ry. (Ireland). London North Hastern Ry. Te Rs Pi ie dk ee 
Rubber blocks I” thick. Felt and rubber insulation. Floor covering Engine mounted 
material, on rubber pad, 
engine covers 
insulated 
on the inside. 
50000 miles. No experience yet. 15 000 miles. 30000 miles. 


on =?) 
-— fr “4 


Driver 


—— 


 “Rueo (wou: seowna) 26 seats Ul 
First (suoxiwc) 2iscaTs Fiest (Won-sroxina) I7Sears 


Th HAO 0TH 


nar, Great Southern Railways, Ir eland. 


Forged steel discs with steel tyres. 


a TRULG:, a eo Beucba. - cube ee Slee eee Sue Roller bearing. 


Vacuum, acting on all wheel rims. 
Normal: 400 B.H.P. 


oe Maximum : 800 B.H.P. 
Two ditackran athe - sh ol heyci tatoo rn re rr 2 driver’s compartments. 
Acceleration . . Ce Te A a km he 1 m.p-h. per second. 


2 m.p.h. per sec. 


ET ge 
Total weight . Fg ee AG Com 70 Engl. tons. 


Pennsylvania Railroad. 


Electromotive Pullman railcar. 
400-4.p. Winton model 148 gasoline engine. 


Curve showing maximum sustai 
Starting at the nominal H.P. in reer of the ened = 
Maximum braking. : 
Stopping distances, brakes off, motor 
thrown out. 


Curves 


be 

w 

u 

wi 
3 a 
2 z 
£ V3 
o rs 
0 & 
j cs 
t 


Ry) 40 
MILES PER ROUR. 


Curves shown are for a single car and are derived curves, and not those taken from actual tests. They 
assume that car is fully loaded and that maximum H.P. is available from tthe prime mover. 
Data for maximum braking curves and stopping distance curves with brakes off not available. 


Fig. 12. 


Pennsylvania Railroad. 


Westinghouse Pullman railcar. 
300-H.e. Westinghouse diesel engine. 


Starting at the nominal H.P. 

i Maximum braking. a 
Curves Stopping distances, brakes off, motor 3. 

thrown out. 


nN 


ae YE 
Ores | IT 
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w 
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z 


MILES PER HOUR 


SECONDS Curve showing maximum sustained speed, 
in terms of the gradient. 


Acceleration curve was taken from data procured from test run with car hauling one 45-ton trailer. — 
Curve showing maximum speed in terms of the gradient is a derived curve. 

Data for acceleration curves on various grades, maximum braking curves, and stopping distance curyes 
with brakes off not available. 


Fig. 13. 


Laelia om 


Pennsylvania Railroad. 


Brill railcar. 
- 415-uH.p. Brill model 660 gasoline engine. 


Starting at the nominal H.P. Curve showing maximum sustained speed, 

Maximum braking. F 

Stopping distances, brakes off, .motor 
thrown out. 


@urves in terms of the gradient, 
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Acceleration curves plotted from data procured on test runs. — Curves showing maximum sustained speed 
in terms of the gradient are derived curves. 

~Data for acceleration curves on various grades, maximum braking power curves, and stopping distance curves 
with brakes off not available. 


Fig, 14. 


London Midland & Scottish Railway railcar. 


Gross weight (full load) = 13.2 tons. 


Acceleration (level rail). 


MPH Time ACCELERATION. 
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Pennsylvania Railroad. 


Brill r 
415-H.p. Brill, model 


CONSUMPTION 


LBS. PER H.P Hour. 


PATA COR FUEL CONSUMPTION= H.P" cuRVES 
EX CONGTANT EXGING SPLED NOT AVAILABLE. 


Fig. 


ailear. 
660, gasoline engine. 


POWER AND TORQUE 
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Pennsylvania Railroad. 


Westinghouse Pullman railcar. 
300-H.p. Westinghouse diesel engine. 


CONSUMPTION 


CATA FOR FUEL CONSUMPTION- H.-P. Corves 
Prt CONSTANT ENGINE SPEED NOT AVAILABLE. 


Fig. 


of the vacuum brake, others the com- 
pressed air brake, direct or automatic. 
The London and North Eastern Rail- 
way, on its diesel railbus, and the Lon- 
don Midland and Scottish Railway on 


rewind AID TORQUE - 


ORQUE LB-Fy, 


§ + 


17. 


its Leyland rail motor cars, use drum 
brakes similar to the automobile type. 
The use of the electro-magnetic brake 
has not been reported. 


Great Northern Railway, Ireland. 


[Set GS SES geld As Ma a SL 
na dene FUEL CONSUMPT CURVE ATSOORPM. 
Note — CONSUMPTION OF Fuel SHOWN IS 

; ti aces CONCURRENT WITH A LUBRICATING 
7 OlL_ CONSUMPTION NOT EXCEEDIN 
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Fig. 18, — Power and consumption curves of model D. C. engines. 


Leica 
Aire re reve 
FECES CEE CEE 


aN 


mi 
Eh 
r 
| 
mm 
< ; wy &she7- SIW'ET 


#4 | oe 
ey j Ci 
< = ee aoc 2 
3 Bola 
7 
oo i 
' 4 Co). es 
; Sar : 
ZA Ne mae 
a=) Dees NA rik 
& pie BN ee 
(3) = is) 
i #-CeNo : 
es COPNGD 
Inc] N 
a HN 
a ee 
eee RBS es) 
§ ce ANY : 
oat eo 
ere +} NX Sane 
eR one 
a awn dee): | SAS AO 
aoe am ee "| : .: a Bb 
oS s Se B ; 
g z| 
‘=| 
(nsf 
5 
Be 
E 
} Ay 


es 


63 
BT 


Pennsylvania Railroad. 
Mechanical drive railcar. 


Prime mover — 115 or 175-H.p. gasoline engine. 


Diagram of control fittings. 
HAND OPEKA/<D SPARK CONTROL 


Diagram of transmission. x 


BRAKE OPERATING HANDLE 
CHANGE SPEED CONTHOL LEVER 
REVERSING LEVER 


L\ 
KY 


FOOT OPERATUO DEAD-maAN'S CONTROL PEDAL 
FOOT OPERATED FUEL SUPPLY LEVER 


REVERSE GEAR 
BRAKE CPERATING HANDLE 


WAND OPERATED SPARK CONTROL 
MAND OPERATEDFVUEL SUPPLY LEVER 


Description. 


The clutch is of the multiple disc dry plate type — steel and fibre composition. 

Change speed gear: Selective sliding type. 

Reyersing gear: Bevel gear type with sliding clutch. 

Transmission of power to axle: By propeller shafts and beveled gearing. 

Joints used: Both metallic and fibre — universal joints. 

Power transmitted by gears, jackshafts and propeller shafts. 

Coasting possible with either transmission in neutral or clutch held disengaged. 

No torque limiter provided. 

Car can be driven in both directions. 

The dead man’s feature is incorporated in the air brake system: either brake handle must be held depressed 
with hand, or foot pedal held depressed with foot. 

The dead man’s safety device should come into action not later than 3 seconds after the moment 
the driver fails, _ 

Control fittings provided in driver’s compartment: Oil pressure gauge, engine speed tachometer, engine 

pe ture gauge, battery charging ammetér, air pressure gauge. These meters are deemed indispensable 
ut no advantage would result from self-recording units. 


Description. 


Clutch. — The clutch consists of 3 circular steel plates, 
called driven discs, splined to central hub. Plates 
are faced on each side with composition lining. The 
driving discs, in addition to the face of the flywheel, 
consist of 2 steel plates and an outer ring, slotted 
to engage bolts in the flywheel. 


Twelve helical springs, pargllel to the transmission 
shaft and equally spaced about the periphery of the 
driving discs apply pressure to the various plates 
in the engaged position of the clutch, transmitting 
the power of the engine to the transmission. 


Speed gear box. — Consists of 5 forward speeds 
obtained by shifting gears with jaw type clutches 
machined in face perpendicular to driving face of 
gears. These clutches mate, when shifted, with 
similar jaws in face of driven gears. The gears are 
in mesh with mating gears at all times. 


Reversing gear. — Located in each driving axle. 
Consists of 2 bevel gears with driving pinion from 
propeller shaft constantly in engagement with same. 
Suitable jaw type clutch, mounted on spline on 
driving axle in between ring gear may be engaged 
with either ring gear to give desired forward or 
backward motion. Simultaneous shifting in each 
axle is accomplished by interconnection of levers. 
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Pennsylvania Railroad. 


Electrical drive railcar. 
Prime mover: 300-H.p. diesel engine. 


ARRANGEMENT OF 
ELECTRICAL TRANSMIS9ION. 


rad MAIN GENERATOR . 


LP 
Ty 


Layout of driver's stand. 
A 
@OOT OPERATED DEAD MAN Cconior PEt 
Ane BRAKE OPERATING HANOLE. 


ENGINE THROTTLE LEVER. 
_ Fundamental, wiring diagram. 1 REVERSING LEVER. 
Generator torque control. Westinghouse Blectric 
and Manufacturing Co. 


MAIN GENERATE a 


AIQ COMPRESSOR 
TRACTION MOTORS 


ExCcITER 


TORQUE GOVERMER FIELD. “rode 
STARTING FIELD 


Description. 


Number of diesel motors: One. 
— generators: One main, one auxiliary. 
— traction motors: Two. ; 

Motor suspension : Hung on axle and nose spring supported on truck transom. 

Coupling of diesel engine and generator: Direct — flange coupling. 

Power for one motor may be cut off, but rotation is dependent on car speed. 

Unused driver’s compartment is locked. 

Dead man’s feature incorporated in air brake system. Either brake handle is held down with hand, or 
foot pedal held down with foot. 

Maximum period which may clapse between the time the driver fails and that at which the dead man’s 


device should act : 3 seconds. : ‘ : 
Bach driver’s stand is provided with engine speed tachometer, engine temperature gauge, battery charging 


ammeter, air pressure gauges, voltmeter, ammeter. The front compartment is moreover provided with 


an oil pressure gauge and a kilowatt-hour meter. 
Of these fittings, volt- and ammeter are deemed highlv desirable, bunt dispensable; watt-hour meter 


dispensable. No advantage would be derived from self-recording units. : 
Battery charged from main generator at idling speed and from auxiliary generator at high speeds. 
Engine is started from battery through special winding in generator. 


Fig. 22. 


g) Mileages run by rail motor cars. used on narrow-gage track of the Cho- 
sen Government Railways, which cover 

The mean daily mileage run varies 74,5 miles per day. The mean yearly 
between 100 and 150 miles with the number of days out of service varies 
exception of the 33-H.p. gasoline cars from 30 (Ceylon Government Railway) 
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Pennsylvania Railroad. 
Electrical drive railear. 
Prime mover: 415-H.p. gasoline engine. 


Arrangement of electrical transmission. 


Layout of drivei’s stand. 


FOOT OPERATED DEAO MAN CONTROL PEDAI 
AYO BRAKE OPERATING HANDLE. 
SS 


eee HANDLE, 
REVERSING LEVER 


ae THROTTLE 


a: 
MAIN GENERATOR 
Coro | 


H | EXCITER 


AUKILIARY GASOLINE ENGINE 


FURDAMENTAL WIRING DIAGRAM 
GOVERHOR COMTROLLED FIELO RNEOSTAT. - GENERAL ELECTRIC COMPANY 
AR COMPRESSOR 


BLOWER AIR COMPRESSOR 


TRACTION 


a 
CATTERY MOTORS. 


EAxciTER 


; MAIN GENERATOR 
STARTING FIELD 


Mai GENERATOR FIELD. 


Description. 


Number of gasoline motors : One main, one auxiliary. 

— generators: One main, one auxiliary. 
_ traction motors: Two. 

Motor suspension : Hung on axle and nose spring supported on truck transom. 

Flexible coupling between gasoline engine and generator. 

Power for one motor can be cut off, but rotation is dependent on speed of car. 

Unused driver’s compartment is locked. 

Dead man’s feature incorporated in air brake system; either brake handle held down with hand, or foot 
pedal held down with foot. 

Maximum period which should elapse between the time driver fails and that at which the dead man’s 
device comes into action : 3 seconds. 

In each compartment, the driver is provided with engine speed tachometer, engine temperature gauge, 
battery charging ammeter, air pressure gauges, voltmeter, ammeter. There is also an oil pressure 
gauge and a kilowatt-hour meter in the front driver’s compartment. The voltmeter and ammeter are 
highly desirable, although dispensable. The watt-hour meter is dispensable. No advantage can he 
derived from making this fittings self-recording. 

The battery is charged from the auxiliary generator, 

The engine is started from the battery through a special winding in the generator. 


to 69 (Reading Company) and 84 (Penn- 
sylvania Railroad). 

The overall speed is 20 m.p.h. (Ceylon 
Government Railway), 21 m.p.h. (Great 
Northern, of Ireland), 27.6 m.p.h. (Penn- 


sylvania Railroad), 33 m.p.h. (Reading 
Company), 35 m.p.h. (Great Northern of 
Ireland), The corresponding numbers 
of stops per 100 miles run are: 85, 69, 
22, 59 and 20 respectively. 
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h) Railroads which have replied to the questionnaire, although operating but 


little if any ratl motor equipment. 


The Delaware & Hudson Railroad . 
Long Island Railroad 


New Zealand Government. Railways : 


The Rohilkund and Kumaon Railw ay Co. I 


East Indian Railway 
South Indian Railway Co., Ld. 
Great Indian Peninsula Railway . 


Bombay Baroda and Central India Railway Co., 


North Western Railway . 


The Bengal & North Western F Railway, Co., 


Burma Railways : 
Sudan Railways 


Kenya and Uganda Railways and Harbours . 


Ferro Carril ‘del Sud : 
Ferro Carril Central Argentino. | 


Société Nationale de Chemins de F er en Colombie . 


London Passenger Transport Board . 


Cheshire Lines Committee . 
Southern Railway 


Midland and Great Northern Joint Lines 


Some closing thoughts : 


The term high-speed, like all compar- 
ative expressions, is relative. Prior to 
the advent of the automobile, railway 
train speeds, both passenger and freight, 
were very high as compared to all 
other forms of available land transport, 
hence railroads were able to render not 
only a very low cost service as com- 
pared to all other forms of available 
land transport but also to render a much 
higher speed service. 

The development of modern highways 
and modern automotive highway equip- 
ment has very greatly reduced the speed 
advantage formerly held by the rail- 
roads, and to a lesser degree in some 
instances somewhat reduced the cost 
advantages which they formerly held. 

It is this change in differential that 
has given rise to the effort to greatly 
increased speeds and at the same time 
reduce costs of rail passenger transport 
and to a lesser degree as yet of rail 
freight transport. 

The growth of fast air, transport as 
regards passenger mail and express 
service has also stimulated interest in the 
development of light-weight high-speed 
rail equipment for through handling. 


United States, America. 
United States, America. 
New Zealand. 

India, 

India. 

India, 

India, 

India. 

India, 

India. 

Burma. 

Sudan. 

Africa. 

Argentina. 

Argentina. 

Colombia. 

England. 

England. 

England. 

England. 
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It is essential from an economic 
standpoint that equipment designed for 
what we may today designate as high- 
speed service be of such a nature that 
it will be easy on the track, that it lend 
itsself to high-speed braking, that wreck 
and fire hazard be held to the lowest 
possible minimum and that travel com- 


fort be an important factor in so far as 


passengers are concerned, 


In this connection, it might be men- 
tioned that experience indicates that the 
cost of track maintenance of lightly 
constructed branch lines is much lower 
when motorized equipment is used, also 
that higher speeds are permissible. 

The advantages accruing from the 
light motorized switchers are just be- 
ginning to be appreciated in the United 
States and it is possible that their use 
may eventually become of some consi- 
derable importance. 


It is felt by some that use of the 
« Merit and Demerit System » for disci- 
plining those employees engaged in the 
maintenance and operation of rail motor 
equipment would aid much in the 
successful introduction of this new type 
of motive power wherever it is deemed 
advisable to use same. 
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In rail motor equipment as in the case 
of all other radically new developments, 
obsolescence is one of the most impor- 
tant factors involved when calculating 
service life and fixed charges, and 
should therefore be given due consi- 


_deration. 


It has been often suggested that if in 
the development of important new equip- 
ment some patent cross licence arrange- 


ment could be perfected, it would help 
much in expediting its perfection and 
use. 


* 
* * 


No attempt was made to include each 
and every manufacturer’s or builder’s 
equipment since it was felt sufficient to 
mention only typical types. 
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Austrian Federal Railways 2-8-4 express locomotives 
(classes 114 and 214). 


by J. NEBLINGER, 


Ministerial Councillor, 
Formerly Head of Department in the General Management of the Austrian Railways. 


(Revue Générale des Chemins de fer). 


The dismemberment of the former 
Austro-Hungarian Empire and the crea- 
tion of new States profoundly modified 
the flow of traffic in Austria: Formerly, 
most of the passengers leaving Vienna 
travelled to the north or north-west and 
the bulk of the goods traffic followed 
suit. Today the resulting passport 
regulations and customs restrictions 
have caused the traffic to move to the 
west, so that the Vienna-Passau and 
Vienna-Salzburg lines have had to be 
adapted to the new state of affairs. 

The express trains were formerly 
hauled by the most powerful passenger 
engines the Federal Railways possessed, 
namely the 2-6-4 engines of the 310 
class and the 4-8-0 engines of the 113 
class. These engines were built to haul 
400 to 450-ton trains up gradients of 
1 in 100 at 40 km. (25 miles) an hour. 
When, for the reasons given, the trains 
reached 500 to 550 tons weight, double 
heading became the usual practice. To 
avoid this and to increase the speed, 
the Federal Railways decided to design 
an engine for hauling their express 
trains which would meet the following 
requirements : 

1. to haul 550 tons up continuous 
gradients of 1 in 100 at a constant 
speed of 60 km. (37.3 miles) an hour; 

2. to be able to accelerate this train 
on the level from 60 to 90 km. (37.3 to 
56 miles) an hour in 2 minutes, so as 
not to increase the time inevitably lost 
through the long gradients and many 
curves, by taking too long. to regain 
speed; 

3. to have a maximum speed of 110 
km. (66.3 miles) an hour. 


The preliminary calculations showed 
that the acceleration with a six-coupled 
engine would not be good enough bet- 
ween Vienna and Salzburg (314 km. 
= 194 miles, and 6 stops) whilst with 
an eight-coupled engine 1 hour could 
be saved on the run, which would be 
reduced to 4 hours 15 minutes. 

The average speed would be 73.80 km. 
(45.9 miles) instead of 59.8 km. (37.2 
miles) an hour without exceeding 
100 km. (62 miles) an hour. 

As the maximum axle load allowed 
is 18 t. (17.7 Engl. tons), three carrying 
pairs of wheels had to be provided mak- 
ing seven pairs of wheels in all. The 
2-8-4 type was selected in preference to 
the 4-8-2 so as not to overload the trail- 
ing carrying axle and to get as deep a 
firebox as possible at the forward end. 

It was also decided : 


— not to exceed 15 ker./em2 (213 Ib. 
per sq. inch) pressure; 

— to have a high superheat temper- 
ature; 

— not to compound for simplicity; 

— to exclude the use of four cylin- 
ders so as not to have to use a double 
cranked axle difficult and costly to 
make; 

— to solve by experiment the ques- 
tion of using 2 or 3 cylinders and for 
this purpose to build one engine with 
2 cylinders, and a second with 3; 

— to try out two different trailing 
wheel arrangements. On locomotive 
No, 114-01, the two pairs of wheels are 
carried in a frame free to move about 
a centre in line with the leading pair 
of wheels, the centering gear being 
arranged in line with the trailing pair. 
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In the case of locomotive 214-01, the two 
pairs form an ordinary bogie free to 
move about the centre, with lateral play 
and centering gear; 

— to combine the leading pair of 
wheels and the first pair of coupled 
wheels to form a bogie of the Krauss- 
Helmholtz type; 

— finally to make the largest possible 
number of parts common to both en- 
gines. 

In accordance with this programme 
and these decisions, one 3-cylinder loco- 
motive, class 114, with trailing truck, 
was ordered from the Wiener-Neustadt 
works, and one 2-cylinder locomotive, 
series 214, with trailing bogie, from the 
Floridsdorf shops. 

In this note, the 3-cylinder locomo- 
tive will be described briefly and the 
points in which it differs from the 
2-cylinder locomotive will be pointed 
out so that the results of the comparative 
trials can be appreciated. 


I. — Description of the 3-cylinder 
locomotive. 


Cfigs- Di 


Boiler and boiler fittings. — The wide 
outer firebox shell is made of mild 
steel. The casing is in one piece rein- 


forced in line with the cross stays and 
outer rows of roof stays. 

The inner firebox is copper. Hollow 
copper stays are used between the side 
plates. A brick arch is fitted. 

The barrel is in two rings. The inside 
diameter of the back ring is 1.919 m. 
(6 ft. 3 9/16 in.) and that of the front 
ring 1:96 m. (6 ft. 5 3/16 in.) 

There are 189 tubes’ 6 m. (19 ft. 
8 1/4 in.) long. The 38 flue tubes are 
135 mm. (5 5/16 inches) inside diameter 
and contain the Schmidt superheater 
elements connecting the two compart- 
ments of a cast steel header in the 
smoke box. , The other 151 tubes have 
an inside diameter of 51.5 mm. (2 in- 
ches). 

A Dabeg feed-water heater is fitted 
and automatically maintains the boiler 
water level. Two Friedmann non-lifting 
injectors are also fitted. 

Two gauge glasses are fitted and this 
has made it possible to suppress the 
gauge cocks. 

A Zara type regulator is fitted. 

The boiler centre line is 3.40 m. (11 ft. 
2 in.) above rail level, so that the water 
level is over 2 m. (6 ft. 6 3/4 in.) above 
the cab foot plate. .Most of the auxil- 
iaries take their steam from a collector, 
the shut-off valves being conveniently 
arranged for the driver. 
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third under the barrel. The blow down 
pipes are brought into a single separator 
where the energy of the water is so 
dispersed that when blowing out it is 
quite unnecessary to use a pit. 

The grate, 4.72 m2 (50.6 sq. feet) in 
area, consists of three rows of bars, the 
middle carried on a frame being arran- 
ged to drop. 

The ashpan is in three sections, one 


pnder the grate inside the frames and 
the others under the part of the grate 


outside the frames. All three are fitted 
with doors for admitting air and clean- 
ing out the ashes. 

The smokebow is 3.435 m. (11 fiji ney) 
from the tube plate to the front plate. 
The door is held tight by 13 clips. A 
man-hole behind the chimney gives 
access to the superheater. The smoke- 
box bottom rests on a saddle made of 
steel plate, open underneath, to give 
access to the steam chest admission and 
exhaust pipe joints of the middle cylin- 
der and the joints where these pipes 
pass through the smoke box itself; the 
tightness of these joints can thus be 
easily ascertained. 

The chimney is in two parts which 
can slide one in the other, so that the 
height can be adjusted. The chimney 
extends some 640 mm. (2 ft. 1 1/4 in- 


ches) inside the smoke box and is fitted 


with a Langer system spark arrestor. As 
the chimney only protrudes 240 mm. 
(9 7/16 inches) out of the smoke box, 
side screens have been fitted to lift the 


smoke and so prevent it interfering - 


with the driver’s look out. 


Frame, bogie and truck. 


The frame is built up of two steel 
frame plates 34 mm. (1 11/32 inches) 
thick, strongly cross braced at the 


Three Friedmann blow down valves” 
are fitted, one on each side of the fire- 
box above the foundation ring, and the 


nes are wl ich it 


no hunting movement. 


is a casting; it also 
end drag box. 
the left ena and middle (5 
also cast steel (the right hat 
are’ carried by a separate bracke 
are the brake shaft brackets, the fi 
cross stay, the truck centre, the 
centering gear, the firebox bi ick st 
and ae trailing drag box. The 
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The leading truck is combined with — 
the leading pair of drivers to form a 
Krauss-Helmholtz bogie for. guiding 
engine. The side play of the lea : 
pair of coupled wheels is 30 mm. 

(1 3/16 inches) in both directions. 

A detailed description of the trailing _ 
truck is not called for. Unlike the 
usual Austrian practice as regards bogie _ 
vehicles, the bogie frame is a single-piece 
‘steel casting carried on the four axle 
boxes on balls. It has powerful side 
springs the buckles of which are ex- 
tended to form spherical bearings for 
the main frame. 


Coupled wheels. — Axle boxes, — The 
inside cylinder drives the second pair 
of coupled wheels, and the outside cy- — 
linder the third pair. The crank axle 
(second pair of coupled wheels) is 5 % — 
nickel steel. ! 

All the axles are hollow. The wheel 


centres are cast steel. 


The counterbalance weights have been— = 
onli. to” Eee oe the re olving 
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As stated above, the leading pair of 
drivers has 30 mm. (1 3/16 inches) 
side play on each side of the centre 
line. The fourth pair of coupled wheels 
has 20 mm. (25/32 inch) play on each 
side. The second and third pairs of 
coupled wheels have no side play, but 
the flanges of the third pair have been 
reduced in thickness by 10 mm. (25/64 
inch). 

The axle boxes of the second and 
third pair of drivers are of the Ober- 
gethmann type with bearings in three 
parts, bearing on about 5/6th of the 
journal circumference. The other axle 
boxes are of the usual type. 

The clearance volume is about 10 % 
of the swept cylinder volume. 


Motion. — The piston heads, all three 
to the same pattern, are steel forgings. 
The outside piston rods and tail rods 
are hollow. 

Each piston is fitted with three piston 
rings in three separate grooves. Brass 
rubbing strips 1.5 mm. (1/16 inch) 
thick and 190 mm. (7 1/2 inches) long 
are fitted in the two outer grooves to 
prevent the piston heads themselves 
rubbing on the cylinders, should the 
cross head slippers and the tail rod 
guides wear excessively. 

The single slipper of the cast steel 
cross heads is lined with bronze 
and white-metalled, and is 580 mm. 
(22 13/16 inches) long in the case of 
the middle cross head, and 460 mm. 
(18 1/8 inches) in the others. The 
knuckle pins are fitted with spherical 
bushes over which the brasses, spherical 
too, of the little ends fit. 

The outside connecting rods, 4 m. 
(13 ft. 1 1/2 in.) long, are made of 
nickel manganese steel. The inside rod 
is only 2.33 m. (7 ft. 7 3/4 in.) long 
and has a forked big end. 

The set of coupling rods on each side 
has four ends, the outer ones being solid 
and fitted with spherical brasses, and 
two horizontal knuckle joints combined 
with vertical ones. The big end on the 


Sab 202; 


driving coupling rod pin is fitted with 
two cotters so that the intermediate 
coupling rod. can be set to the exact 
length. 

The outside driving crank pins are 
Owing to the inclination of the 
inside cylinder, the driving crank pin 
is set slightly back so as to be at 128° 37’ 
with the right hand, and 111° 23’ with 
the left hand crank pin. 


Valve gear. — An improved Lentz 
poppet valve gear is fitted with which 
the valves are opened and closed very 
quickly and without shock. The valves 
are actuated by a mechanism of the 
Marshall type, having a cross shaft dri- 
ven at the same angular speed as the 
driving axles. This shaft is driven by 
bevel gears and cardan shaft off the 
third pair of coupled wheels. This 
shaft has three cranks, one per cylinder, 
at the same angles as the cranks. Each 
of the cranks imparts an oscillating mo- 
tion to a rod, the amount of movement 
being varied with the cut-off. The 
rods in turn drive the cam shaft which 
operates the poppet valves. The steam 
valves are 180 mm. (7 3/32 inches) and 
the exhaust valves 200 mm. (7 7/8 in- 
ches) in diameter. The valves are kept 
on their seats by helical springs fitted 
outside the steam chests. 


Drifting device. — Above each steam 
chest is fitted a small vertical cylinder 
in which a piston moves, which is auto- 
matically lifted by compressed air ad- 
mitted to it when the regulator is shut, 
and which lifts the two steam valves and 
the two exhaust valves of the correspond- 
ing cylinder, in which the pressure is 
thus equalized. 

On re-opening the regulator the steam 
acts on the said piston and drives it 
down. The poppet valves are then 
released and function in the normal 
way. 

Brakes. 
with : 

1. The Knorr compressed air brake for 


— The locomotive is fitted 
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braking the engine, tender and train 
stock. 

All wheels of the engine except the 
leading pair are braked. Two vertical 
355-mm. (14 inches) cylinders are fitted 
between the main frames between the 
third and fourth pairs of drivers. Each 
of these cylinders operates the brake 
rigging through a separate cranked lever. 
To equalise the pull of the two cylinders, 
the first brake cross bar carries the cross 
compensating gear needed. A third cy- 
linder, 330 mm. (13 inches) in diameter, 
brakes the trailing bogie. 71 % of the 
engine weight in working order is thus 
braked. 

2. A supplementary Knorr brake on 
the coupled wheels, when used, brings 
the braked weight up to 97 %. 


3. The automatic vacuum brake on 
the tender and rolling stock, as part of 
the Austrian express trains are still 
fitted with the vacuum brake. 

These compressed-air and vacuum 
brakes are combined so that the vacuum 
brake can be applied on the train and 
the air brake on the engine at the same 
time, and inversely. 


Lubrication. — The axle boxes and fra- 
me pins are lubricated by a Friedmann 
lubricator pump of 8.5 litres (1.87 Br. 
gallons) capacity with 10 double feeds, 
-and the cylinders and valves by two 
6-litre (1.32 gallons) pumps of the same 
make, with 20 feeds. All the delivery 
pipes are copper and are fitted with 
Friedmann ball-type non return valves. 

In addition, 9 Friedmann sight-feed 
lubricators are carried on the boiler 
barrel and feed oil to the axle box guides 
and to various pins. If desired, they are 
used as a standby axle-box lubrication 
arrangement, some cocks being operated 
for this purpose. 

A number of oil wells, which the dri- 
ver fills, are fitted as usual close up 
against the parts to be oiled. 


Sanding gear. — The sand box is 


carried on top of the barrel. The leading 
side of all coupled wheels is sanded by 
Borsig compressed air sanders. 


Lighting. —- The head lamps and all 
lamps in the cab are electric, current 
being supplied by a 500-watt self-regu- 
lating turbo-generator. The main cir- 
cuit from the generator to the cab has 
two 20-ampere fuses and each indivi- 
dual circuit two 10-ampere fuses. 


Speed indicator. — A Teloc speed in- 
dicator is fitted in the cab and is driven 
from the right hand trailing wheel of 
the truck. 


Il. — Main differences between 
locomotives 214-01 and 114-01. 
(fig. 4). 


Frame and trailing bogie. — The 214- 
01 locomotive has frame plates 32 mm. 
(1 1/4 inches) thick instead of 34 mm. 
(1 3/8 inches). The frame is cross 
stayed by box castings and stays which 
differ from those on the 3-cylinder lo- 
comotive in shape and layout, but give 
the more strength to the frame. 

The truck of locomotive 114-01 is re- 
placed on locomotive 214-01 by a trai- 
ling bogie with its centre carried by a 
cast steel frame stay. This centre is 
given side play which is controlled by 
laminated springs with an initial ten- 
sion of 2.5 tons. 


Coupled axles. — The counter-balance 
weights on the driving coupled wheels 
counter-balance 17° 1/2 % of the reci- 
procating parts. 

The first pair of coupled wheels has 
20 mm. (1 3/16 inches) side play. The 
other three pairs have no side play, but 
the third pair (second driving pair) 
has had the flanges reduced in thickness 
by 10 mm. (25/64 inch). . 


Cylinders. — The diameter is 650 mm. 
(25 5/8 inches). The back covers are 
cast hollow and support the slide bars 
at their leading end. 
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Motion. — The pistons, cast in spe- 
cial steel, are hollow. Three thin rings 
are fitted. The rods and tail rods are 
hollow. The cross heads are also cast 
steel of special quality. 

The connecting rods are forged from 
special steel. The two ends are solid.. 
The large end is fitted with brasses 
which can be adjusted about the centre 
line normal to those through the rod 
and the crank pin. The little end bear- 
ings are spherical. In this way any 
difficulties can be avoided, which an 
oblique position of the driving axle rela- 
tively to the transverse centre line 
through the middle of the two cylinders 
— arising from the play of the bearing 
springs or unequal tightening up of the 


axle box wedges — might set up. When 
the magnitude of the forces transmitted 
and the length of the driving crank pin 
(218 mm. = 8 19/32 inches) are 
appreciated, the possibility of trouble 
will be the better realised. 


The leading coupling rods have a dou- 
ble knuckle in the horizontal and ver- 
tical planes. As the fourth pair of cou- 
pled wheels has no side play the trailing 
side rods are connected to the middle 
rods by a ie a horizontal knuckle 
joint. 


Valve gear. — The Lentz type steam 
and exhaust valves are driven by a cam 


shaft receiving 


its ‘ oscillating motion 


from a Walschaerts gear. 


Leading dimensions of the 114-01 and 214-01 locomotives. 


Grate area 

Firebox heating surface 

Tube heating surface 

Total evaporative heating surface . 
Superheating surface 


Boiler pressure 


(837.4 sq. ft.) 


15 kgr./em2 


Locomotive 114-01. Locomotive 214-01. 
4.72 m2 4.72 m2 
(50.80 sq. ft.) (50.80 sq. ft.) 
18.70 m2 18.70 m2 
(201.28 sq. ft.) (201.28 sq. ft.) 
264.50 m2 264.50 m2 
(2847 sq. ft.) (2847 sq. ft.) 
283.2 m2 283.2 m2 
(3048.3 sq. ft.) (3048.3 sq. ft.) 

77.8 m2 77.8 m2 


(837.4 sq. ft.) 
15 kgr./em2 


(218.3 1b. (213.3 1b. 
per sq. inch.) per sq. inch.) 
Diameter of driving wheels with 50-mm. (2/7) tyres 1.900 m. 1.900 m. 
(6 ft. 2 ca in.) (6ft. 2 25/382 in.) 
Diameter of carrying wheels with 50-mm. (2/’) tyres 0.994 994 m. 
(3 ft. 31/8 in.) (3 ft. 8 1/8 in.) 
diameter 530 mm. 650 mm, 
Cylinder (20 7/8 m,) (25 5/8 in.) 
stroke 720 mm. 720 mm. 
(28 3/8 in.) (28 3/8 in.) 
Rigid wheel\ base . 2.070 m. 4.140 m. 
. (6 ft. 83/64 in.) (13 ft. 7 in.) 
Total wheel base. .(. 12, 635 m, 12.635 m. 
~~ (41 ft.5 7/16 in.) (41 ft. 5 7/16 in.) 
Distance between bogie centres . 9.115 m. 10.165 m. 
(29 ft. 11 in.) (33 ft.13/64 in.) 
Length (over buffers-over fenders) 5 15.073 m. 15.040 m. 
(49 ft. kgS in.) (49 ft. 45/32 in.) 
Maximum speed allowed . 100 km./h. 100 km./h. 
(62 miles/h.) (62 miles/h.) 
Weight empty with 70-mm, (2 3/4/’) tyres. . 108.3 t 106.8 t. 


Weight in running order . 


" (106.6 Engl. tons) (105.1 Engl. 
118.7 t 118 t 


tons ) 


(116.8 Engl. tons) (116.1 Engl. tons) 


Fig. 4, 


The steam valves are 180 mm. (7 3/32 
inches) and the exhaust 230 mm. (9 1/16 
inches) in diameter. The design is such 
that the clearance volume has been re- 
duced to 6 %. 


Small cylinders have been fitted 
above the steam chests. The pistons in 
these cylinders are held up by com- 
pressed air as long as the regulator is 
open; they are driven down when the 
regulator is shut and hold the two steam 
valves of each cylinder off their seats. 
Although the exhaust valves are not 
affected by the auxiliary pistons coming 
down, perfectly rectilineal diagrams 
are obtained, even at very high speeds, 
when running with the regulator shut. 

Brakes. — The two 305-mm. (12 in- 
ches) brake cylinders operate the brake 
rigging through a common brake shaft 
and with the 330-mm. (13 inches) bogie 
brake cylinder, as fitted on the bissel 
truck of locomotive 114-01, makes it 
possible to brake about 70 % of the 
weight of the locomotive 214-01. 

By the supplementary Knorr brake, 
the percentage can be raised to about 98. 


WI. — Results of trials with 
the 114-01 and 214-01 engines. 


To reduce the cost of making the 
trials, the engines were used to haul, 
on several occasions and in succession, 
a regular express train between Vienna 
and Linz, a distance of 189 km. (117.4 
miles) with only two stops. A dyna- 
mometer car was used. 

Indicator’ diagrams were taken at 
short intervals and, at each change in 
the way the engine was worked, a note 
was made of the boiler pressure, steam 
chest pressure, superheat temperature, 
feed water temperature, temperature of 
the waste gases, and finally of the 
smoke box vacua. 


The dynamometer car recorded the 
tender drawbar horse power, the speed, 
the steam used for train-heating, the 
composition of the smoke box gases, and 
the working of the brakes. 

Preliminary tests had been carried 
out to find the coal consumption for 
maintaining the boiler pressure when 
running with the regulator shut, for the 
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brake, for heating the train, and finally 
for producing the heat wasted by the 
feed overflow. 

The tender was fitted with water level 
gauges at the four corners. 

One of the test trains weighing 552 t. 
(543 Engl. tons) ran at the average speed 
of 75 to 84 km. (46.6 to 52.2 miles) an 
hour. This was the tonnage and speed 
specified. Another train of 672 t. 
(661.4 Engl. tons) covered the distance 
at an average speed of 70 km. (43.5 miles) 
an hour. 

The average boiler pressure was 
13.5 kgr. (192 Ib. per sq. inch) and the 


temperature of the steam 316° C. 
(600.8° F.). 
With the 672-t. train, locomotive 


214-01 developed 4115 1.4. Pp. and 2 827 
drawbar horse power under unfavour- 
able weather conditions. 

For equal work the coal and water 
consumption was the same with the two 


engines, and so were the thermal effi- 
ciencies. 


The mechanical efficiencies differed. 
The resistance of the 3-cylinder locomo- 
tive was definitely greater than that of 
the 2-cylinder engine. The overall effi- 
ciency of the 3-cylinder engine, usually 
5 to 5.5 %, only occasionally touched 
6 %, whereas the usual efficiency of the 
2-cylinder engine was 5.6 to 6.97 %. 


This means that for the same drawhbar 
horse power that the 3-cylinder engine 
used 6 % more fuel. 

Against this, the trailing truck of the 
3-cylinder engine showed itself so much 
better than the trailing bogie under the 
other engine that all 214-01 engines since 
built have been fitted with it. 

As a result of these trials the Austrian 
Federal Railways have now seven 214 
class engines, six with trailing trucks, 
whilst engine 114-01 remains the only 
one of its type. 


£624. 13 (.44), 624. 535 (44) & 628. 2 (44) | 


Rolling stock improvements made by the French 
Main-Line Railways since the war. 


(From the Revue Genérale des chemins de fer.) 


General. 


Before dealing with the rolling stock 
itself, we should endeavour to form a 
correct idea of its importance by briefly 
reviewing the other related railway fac- 
tors. 


Total operating receipts. : 
Goods receipts (slow goods only): 


These railways own 42050 km. of 
lines with an invested capital of 
65 476 854100 fr. and employ over 
460 000 people. The traffic statistics in 
1932, a crisis year, were: 


. 12265 891 648 fr. 


7 616 860 693 fr. 


Passenger receipts (including express 


goods) . i 
Tonne-kilometres 
(slow goods only) 


(Engl. 


ton-miles) 


4 433 990 278 fr. 


32 383 405 593 (19 804 719 300). 


Passenger-kilometres (passenger-miles) 25 546 363 126 (15 874.050 300). 
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have made use of most of the improve- 
ments mentioned below. 


Improvements intended to increase 
the power and to reduce fuel consump- 
tion. — Compounding must be placed 
first, as although used in pre-war times 
it has been still further developed on 
some railways since the war. 

Superheating, applied before the war, 


has been improved ever since. The ac- 
tual degree of superheat has been in- 
creased as far as the metal in the super- 
heater elements, the cast iron of the 
cylinders, and the lubricating oils would 
allow. 

Thus, the steam temperature has been 
raised to about 400° C. (752° F.). The 
use of superheating has become very 
general as table 2 shows. 


TABLE 2. — Locomotives fitted with superheaters. 


2a er 1 ti \ 1913. |4 624 
h m locomotives ; 
Lr sapiens | 1982. |4 567 
Number of locomotives 1913. | 434 
with superheaters 1932. | 9866 
Number of locomotives built since 
1918 with superheaters ....... 138 
Number of other locomotives fitted 
with superheaters since 1918 .... 80 


~ () In the case of this railway, the figures given are those on 
on the 31st December, 1913. 


Feed water heating is a more defini- 
tely post-war improvement on _ the 
French railways, and whether obtained 
by using the combustion gases, or more 


Est. | State Nord. |P.L.M.| P. 0. ne 
4 899 |2 837 |4 058 |2 333 |3 560 !2 040 |45 354 
2 507 |3 562 |4 079 |2 752 |5 660 |2 323 |49 450) 

379 186 89 321 498 398 | 2 005 
2 013 |41 792 385 |1 443 {38 805 |1 283 |41 587 

471A 580 67 387 |2 593 744 | 4 977 

445 4 — 79 848 75 | 4 504 


the 31st December, 1918, instead of 


frequently the exhaust steam, has shown 
very good results. The consequent wide 
use of this equipment is shown in ta- 
ble 3 hereafter. 


TABLE 3. — Locomotives fitted with feed water heaters. 


Alsace- 
Lorraine. 


292 () 
899 


4913. 
1982. 


Number fitted 
water heaters 


230 


| All 
| Railways. 


| 
State. | Midi. 


Nord. |P.L. a P.O. 


42 4 
422 |1 157 


335 


665 84 129 |3 583 


(@) The position as at the 31st December, 1918, has been taken instead of at the 31st December, 1913. 


Raising the boiler pressure from 16 to 
20 kgr./em? (228 to 284 Ib.) has been 
one of the most marked changes in prac- 
tice in recent years. 


Then too, very careful investigations 
have been made into the exhaust and 
have resulted in a considerable increase 
in the draught with a substantial reduc- 


the engine efficiency by. ‘Better ban ies 
events and by reducing the losses in the 
steam passages (use of long-stroke val- 


ves, double- -ported valves and oscillating 


or rotating cam- operated ‘poppet valves). 


Finally, the greater use of firebox arch 
tubes which, crossing the firebox longi- 
tudinally, improve the circulation of the 
water between the front and back ends, 
etc., should be mentioned. 


Tupac in running conditions, 
in the general handling of the engines, 
and in reducing costs as well as in sa- 
fety. — This heading includes, among 
many others, the following improve- 
ments : 

Side screens fitted at the front end of 
high-speed locomotives to prevent smoke 
beating down onto the cab; 

Extended use of signal repeating de- 
vices, vigilance levers, etc.; 

Electric cab lighting; 

Self counter-balancing of the webs of 
the crank axles on high-speed locomo- 
tives; 

Mechanical lubrication of the valves 
and pistons by improved equipment 
giving better oil diffusion; 

Pressure lubrication of coupled axle 
journals; 

Use of felt pads in big end bearings 
to distribute the oil all along the crank 
pins. 

Use of feed water sonener: on boilers. 


Examples of results obtained on some 
of the railways. — The Paris-Orleans, in 
particular, has devoted much attention 
to improving existing designs. The ex- 
tension of its electrified lines has made 


it unnecessary to order new locomotives, 


as it increased the number of locomo- 
tives available for service. 
The Company raised the efficiency of 


between p 


therefore the losses 


passages trough 
and 12 has been I 
even dD; 

The alteration ent that 
of the steam passages were > 


and the exhaust were 
The engines altered were ies 
a double exhaust and the Kylala ‘pe 
coat, as thereby the back pres 
the pistons is halved, and the b 
be worked efficiently at 
viously used [smoke pox 
high as 300 to 400 mm. a 8 to 1 
inches) of water]. ; 
These alterations went - 
crease in superheat [temperatur 
from 300 to 400° C. (572 to 7520 
a pressure of 16 to 17 Hpz. sa Be 


ene eeeticrsac § in ane 
sory parts. 


adenine. about 85 Jo a ‘110 ge 
mites). an hour. 


the aes engine ton 3 400 
a locomotive. 
pines same Comers d 


‘es alee Precsires 
fae grate area and an 
ers are 


_ ing oe are 2 m. (6 ft. 6 3/4 ins), 1 
2 FOE subse’ drawbar 


ing eae in saa’ service 2 550 tons 
ve up elle, 125 gradients at.95. km. (59 


miles) an hour. 


eee 
2 


on the level. 


- The Paris-Lyons-Mediterranean 4-8-2 

‘Ci class engines have given a continuous 

Tete P of 8.500,and a drawbar horse 
power of 2500. 

This engine is able to haul easily, in 
ag, normal working, 630 t. (620 Engl. tons) 
up gradients of Aon, 125: at 100 km. 

ze 62 miles) an hour. The coal con- 
sumption varies between 0.6 and 0.8 
(1.32 and 1.76 lb.) per indicated 
= hour and. 0.8 to 1.5 kgr. (1.76 and 


on 1 in 166 gradients. 95 km. (59 miles) 
on 1 in 125 gradients. 90 km. (56 miles) 


a "further pore ey ments 
have been adopted : 

— general use of autogenous welding 
and in particular the manufacture of 
copper and steel fireboxes angen ous 


ly welded throughout; 


— use of special steels and special 
metals, especially for lightening motion 


‘parts; 
— reduction of types of parts by 


standardisation of similar parts used 
on different classes of engines. 
The new passenger engines are usu- 


ally eight-coupled, and the goods, ten- 


coupled. { 
High-speed locomotives. — The table 


‘below gives the leading dimensions of 


express locomotives being built by the 
Companies. The tenders on the French 
Est 4-8-2 engines carry 8 tons of coal 
and 35 m2 (7700 Br. gallons) of water, 
to be able to run non-stop the 353 km. 
(219.3 miles) between Paris and Nancy 
or 277 km. (172 miles) between Troyes 
and Belfort. 

These engines work at the following 


- hourly speeds : 


. 120 km. (75 miles) with loads of 650 t. (640 Engl. tons), 


” » 450 t. (443 Engl. tons), 
” ” 400 t. (894 Engl. tons). 


3.30 lb.) per effective u.P.-hour accord- 
ing to the speed and power. 

The Paris-Lyons-Mediterranean has 
also put into service a number of Moun- 
tain type locomotives with 1.79-m. (5 ft. 
10 1/2 in.) diameter wheels for working 
heavy trains with frequent stops over 
the difficult sections of its main lines. 

The Nord Superpacifics class 3-1251 
to 3-1290 were designed to haul 500, 
600-t. (492, 590 Engl. tons) and even 


gin tn Ei ae hel ee 


Fig. 1. — French State Railways 4-8-2 locomotive, designed by the O. C. EK. M. 


Fig, 2. — Alsace-Lorraine Railways 4-6-2 locomotive, designed by the O. C. EH. M. 


ae 


TABLE 4. — Leading dimensions of high-speed locomotives. 


RAILWAY. A.L EST (?) STATE NORD Pe: | BO 
4 -6-2 4-8-2 4-8-2 4-6-2 
ae 241-001- 3-1251- 4-6-2 4-8-2 
CLASS. S. 16 241-041. | 241-104 3-4290 23L-G. 241-C 
system (simple or compound) . SE C SE C C C 
type of superheater cs DM Schmidt | Schmidt | Schmidt | Schmidt | Houlet 
type of feed water heater ACKI | Metcalfe} ACFI | acrr | | ACF 2 ACFI | ACFI 
soiler pressure . ker. /em2 20 20 20 17 16 20 
Number 2 4 3 4 4 4 
ylinders ) Diameter 1) |450 X 720/530 x 760) 440 X 660/440 x 650/450 x 650/440 x 650 
and stroke . mm. [575 X 720/660 X 720 570 X 650,620 X 690/650 X 650/680 X 700/640 x 650 
Jiameter of driving wheels. . m. 4.950 1.950 1.950 1.900 2.000 2.000 
ate area m2 4.5 4.43 5.0(3)} 3.5 4.25 5.0 . 
Firebox m2} 418.7 26.20 | 25.19 20.3 15.68 | 27.5 | 20.68() 
aad Tubes . m2} 205.0 497.00 | 243.46 | 194.5 | 190.57 | 220.5 | 194.00 
Total . m2? | 223.7 223.20 | 268.85 | 214.8 | 206.25 | 228.0 | 215.90 
uperheating surface . .m] 73.8 94.2 | 92.84 57.2 a at 90.9 | 60.60 
ial weight . . . ss. te 407 4417.2 | 126.8 400.5 96.3 | 426.4 | 106:3 
\dhesive weight . .... t. 60 74.6 80.8 56.8 55.5 78.8 75.5 


) The 1402 locomotive has 540-mm. cylinders, but is fitted 
with a booster. ? 
) The State Railways also have locomotives of this type. 


(8) Fitted with mechanical stoker. 
(*) According to the type of economiser. 
(5) Surface of Nicholson siphon 4.216 m2. 


650-t. (640 Engl. tons) express trains 
on the level at speeds close to the au- 
thorised maximum of 120 km. (75 miles) 
an hour. The speed must not fall below 
90 km. (56 miles) an hour on the long 
gradients of 1 in 200, the ruling gra- 
dients on the lines these trains run over. 


The frame has been reinforced by 
using thicker and deeper frame plates, 
with the fewest lightening holes possi- 
ble, cross braced by cast steel stays of 
large dimensions extending from the Ip 
cylinders to the crank axle. Particular 
attention has been given to the lubri- 

’ cation. Large diameter Ip piston valves 
have been fitted. The steam passages 
have been made as short as possible and 
of such shape as will minimise the re- 
sistance to the flow of the steam. 


The Paris-Orleans Company’s 4-8-0 
engine converted from a Pacific engine 
with 1.85-m. (2 ft. 9 1/2 in.) wheels is 
working on the Paris-Toulouse line via 
Montauban. The engine was rebuilt to 
give additional adhesion so that trains 
of 700 t. (689 Engl. tons) could be 
worked over the 1 in 100 gradients 
instead of 500 t. (492 Engl. tons), the 
former maximum Pacific load. 


The designs of the first of these en- 
gines were put in hand at the end of 
1931. The engine went into traffic in 
1932 and underwent many tests both in 
service and at constant speed with 
counter-pressure locomotives. This. en- 
gine was designed on the same princi- 
ples as the Pacific type mentioned 
above, with the special feature that, in 


This engine showed it could work 
800-ton (787 Engl. tons) trains up 1 in — 
200 gradients at 95 km. (59 miles) a ‘ 
hour;.575 t. (566 Engl. tons) up 1 in 
166 gradients at 110 km. (68.3 miles) 
an hour; 530 t. (522 Engl. tons) up 1 in 
100 gradients: at 85 km. (52.8 miles) an 
hour. 

The drawbar horse power developed 
is frequently 2400 to 2600 when accel- the expr ess or fast trait 
erating on. the gradients. The conti- Vily graded lines. The 
nuous indicated horse power has Railways have introduced — 
reached 3500 and up certain gradients engines for the same class of tr 
3700 to 3800 with peaks of 4000. In The leading dimensions of thes e 
spite of the relatively small driving gines are as follows (table 5) : a 


TABLE 5. — Leading dimensions of medium-speed locomotives. 


| STATE. 

r 2-8-2 
) 141.001- 
141.250 


TYPE. 


SE ‘e | 
Schmidt | Schmidt | Schmidt | Schmidt | | 
Worthington ; oe (4) ; 


System (simple or compound) 
Type of superheater . 
Type of feed water heater 


Boiler pressure . . . . .  kgr./em? 16 
Number 4 
Cylinders 510 650 | 540650 | 


Diameter and stroke . mm. | 620x700 720X700 | 720X700 


4.650 4.650 | 4,650 | 4.600 | 


Diameter of driving wheels. . . .m. 
Grate: area pew) dogs Jal GG. sy eens: MES ERG 04 2G ras 
: Birebox) WiiWii ee 0 visu ene 45.10 15.41 45.68 
Heating ! Tubes . m2? | 192.25 | 194.36 | 190.57 
Total, 2 cee eee seen ieee NeDO eae 209.77 | 206.25 
Superheating surface. . . . . . m2 | 64.0 | 63.8 | 48.5 
Total weight). < . .c. «kis se t1) 8629) ony Oo 70am moans 


710.7 


Adhesive weight |. ‘70.9 


Suburban engines. — Most of the rail- at the outer rae for re 
ways have had to use eight-coupled en- working. | * 
gines with either bogies or bissel trucks 


i 


ssatlg 1 Res 


Table 6 shows their leading dimensions on the various Systems. 


TABLE 6. — Leading dimensions of suburban engines. 


RAILWAY, EST |STATEQ)| NORD 

TYPE. 2-8-2 2-8-2 28-2 
141.701- | 42.004- ; 

ee f4icT4e, | 24-090 1). 21200 


SE SE SE 


System (simple or compound) . 
Type of superheater 


Type of feed water heater 5 1G ACFI 
Boiler pressure . . . . . kgr./em? 16 12 18 
Number 3 2 2 


Cylinders 
: Diameter and stroke . mm. 


1.420 1.540 4.550 
2.80 2.80 3.4 


Diameter of driving wheels. . . . m. 


Grate area 


Firebox 


(4) The State Railways also have a number of 2-8-2 locomotives of the Est type. 


1.650 
3.08 
17.30 15.50 18.00 16.13 


4-8-4 
242 AT-BT 


C 


DM Schmidt | Schmidt | Schmidt 


4 


Heating ) tubes . . . . . . . m2 | 122.83 | 154.44 | 202.00 | 157.02 
surface 

oid) ines ml? a etso.63. stO9s O45 18220200) | Addo 
Superheating surface. . . . . . m? 45.3 49.51 70.0 56.24 
Horaleweishueee \.) Cue caw cet. | 407.3 96.2 122 120 
Adbesive weight . .-. . . . . tt. 15 72.3 80 65 
Capacity of water tanks. . . . . mi 13 8.5 10 12 
Capacity of coal bunkers 4 4 5 5 


4-8-4 
242 CT-DT 


C 
Schmidt 


+ 


1.500 
3.08 
16.20 
157.02 
173.22 
45.47 
417.3 
64 
ale 
5 


psd 


Fig. 3. — 2-8-2 class 141.700 tank engine, French Est Railway. 


We x maintain a eel of over 100 km. 
1p An or ¥ ee 201 


a of 1 in 200 Brink 482+, ard Engl 
tons) trains. 


: |, SE Ge 
$TYPE.) © © 7S 2-10-00 | 240-0 


Re | 150. 001- 5 
CLASS. 450.195 | 5-121 | 


System (simple or compound). | SE 


| Schmidt | ¢ 
ACFI | 


Type of superheater . . . .}| DM 


Type of feed water heater . . |  (?) 
Boiler pressure. . ker./em2 | 44 


24 (Number as ote 3 
Cylinders ) Diameter 
and stroke . mm. 560 < 660) 


Diameter of driving wheels m. 1.400 | A550 4 500 
Grate areal. ao. ee Say) Be4S= || 55) 
i ] Firebox . . . m2 20.38 20.30 | 23.24 sf NE 

Heating } Tubes . m2 | 182.98 | 175.68 | 220.58 

Total . 9.04 “om? 1/°203'.36 9195.98) 5) 243077, 
Superheating surface. . .m?2 65.57 61.01 i 91.64 
Total werht see i ents 97 102 
Adhesive weight .=— 2 eats 82 


(1) The State Railways have a number of 2-10-0 engines of the Est type. — (2) The latest engines taken |} = 
delivery of are fitted with Metcalfe exhaust steam injectors. : ; : care aS 


The Est 2-10-0 engines can haul : 


Trains of 2200 t. (2.165 Engl. tons) at 65 km. (40.4 miles) an hour on the level. © oe i 
Trains of 1600 t, (1574 Engl. tons) at 40 km. (25 miles) an hour up 1 inv 166 gradi ie 
Trains of 1150 t. (1131 Engl. tons) at 30 km. (18.6 miles) an hour up 1 in 100 gradients. 


The P.-L.-M. Santa Fe engines have dinary stock up 1 in 100 at 45 kn. (28 
worked trains of 2000 t. (1968 Engl. miles) an hour. 
tons) made up of bogie coal wagons at The particular 0 
55 km. (34.2 miles) an hour up 1 in 200 engines is the « 
and 1400 t. (1378 Engl. tons) of or- alt four are placed 


Fig. 5. — Paris-Lyons-Mediterranean Railway 2-10-2 locomotive, designed by the O. C. EB. M. 


The hp cylinders are placed about half ders are at the front end and drive the 
way along the engine and drive the sixth third pair of drivers, The hp and Ip 
pair of coupled wheels. The Ip cylin- groups of driving wheels are coupled 


Railways 


of greater power. 

Finally, since 1918, the French rail- 
ways have had added to their stock 1900 
2-8-0 American locomotives which are 
used on goods trains concurrently with 
the Consolidation engines most of the 
railways used before the war, and with 
the 0-8-0 (former G-81) or 0-10-0 (for- 


after the armistice. aes es Z 


“using pre-war 2. ane 0 engines and ha re 
now under consideration 2-10-2 engines 


~ cour se of ae last years are ar 's 
= mer G-10) handed over nDy: Cone ; 


om Ae ie OS erent =e oad 


TABLE 8. — Leading dimensions of shunting locomotives, 


haul heavy 
lives > i 
_ The Mee pie a0 ns 


in table 8. , 


RAILWAY. 
TYPE. 


CLASS. 


System (simple or compound) . 

Type of superheater hc eget 

Boiler pressure . . . an kgr./em2 
Number 


Cylind 
eaeaeed Diameter and stroke . mm. 


Diameter of driving wheels. . . .m. : 
Grate /aresdevs.: < 9S. \. Qe ere 3.06 4.80 
Iinebox 0. eametceet en suerte 19.39 iS 8.20 
Heating) tubes... . . . « «ma | 468,98 | -401,80 
surface 
Total -. 5 fi #2 +. Sepa 188 Po Ta Or OG 
Superheating surface. . . . . . m? 67.07 
Total’ weight, 1%, = tye sees eno eee 
Adhesive weight . . . «5 «wee t. eae 
Capacity of water tanks 7 7) jeans 10.3 


coal bunkers. . . . t. 


This review of steam locomotives may 
be ended by pointing out that the me- 
thods and equipment used in carrying 


out engine trials have also been much > 


improved. New dynamometer cars 


Est. | State. 
241022 | (02820 
151.751- | 40.001- 
151.780. 40143 


equipped with ‘the latest 
have been built. _ 


he 


fecting new types of engines. The chief 
progress in this field has been the recent 
construction at Vitry of a locomotive 
testing plant to the most advanced de- 
signs, for the French Railways as a 
whole. 

We cannot pass over in silence even 
in so rapid a review of the main deve- 
lopments in French locomotive practice 
the tests of entirely new designs of lo- 
comotives the French railways have un- 
dertaken since the war (such as high- 
pressure and articulated (Garratt) en- 
gines). 


Steam rail motor coaches. 


Although, for a long time, French rail 
motor coach design has favoured the 
internal-combustion-engined units, it 
should be recorded that the Nord Com- 
pany recently ordered a Sentinel Cam- 
mel steam engine coach. 


Electric locomotives 
and rail motor coaches. 


Before the war, the only electrified 
lines in France were : some of the Midi 
Company’s lines (Perpignan to Ville- 
franche-de-Conflent, Lourdes to Pierre- 
fitte); some suburban lines: Paris to 
Juvisy, on ihe Paris-Orleans, and Paris- 
Invalides to Versailles R. G. on the State; 
and finally two mountain lines : St. Ger- 
vais to Vallorcine on the Paris-Lyons- 
Mediterranean, and Villefranche-de-Con- 
flent to Bourg-Madame on the Midi. 

Post-war financial conditions brought 
electrification to the fore, and the Go- 
vernment, in 1920, standardised the con- 
ditions on the basis of direct current at 
1500 volts, and 3000 volts in excep- 
tional cases, these conditions not being 
applicable to certain suburban lines. 
Three of the main line companies, at 

the request of the Government, drew up 
a programme for electrifying nearly 
9000 km. (5600 miles) of their lines. 

On two of these, the Midi and the Pa- 
ris-Orleans, with the greatest length of 


electrified lines, overhead equipment 
was adopted. On the third, the Paris- 
Lyons-Mediterranean with little electri- 
fication, the third-rail system was se- 
lected. 

A fourth system, the State, it should 
be noted, electrified its suburban lines, 
this electrification being special to itself 
and limited in extent. 

As the methods followed by the rail- 
ways concerned differ, each of their 
practices will be dealt with separately 
below. 

Speaking as a whole, in view of the 
first electrification in France being as 
recent as 1900, the development in the 
rolling stock for such lines has not been 
in the direction of alterations nor of 
improvements progressively applied to 
existing types. As the electrification was 
gradually extended the companies were 
satisfied to put into service new designs 
of increasing power and speed. 


Midi Railway. 
The electrified lines operated by the 
Midi have grown continuously since 


the war and are now 1500 km. (932 
miles), or 35 % of the system. 


The Company has built seven hydro- 
electric power stations of 157000 kVA 
installed capacity. 


.The power transmission lines built 
by the Company amount to 805 km. 
(500 miles) of 150 000-volt lines linking 
up six large 150000-volt centers. A 
60 000-volt system over 1300 km. (808 
miles) long distributes the energy to 
60 substations where the high-tension 
current is transformed into 1 500-volt 
current. 

The most recent Midi practice is to 
use mercury vapour transformers in the 
substations and also to make the latter 
automatic. 


Locomotives. — The Midi Company, 
in 1922, put into service the first of 
its 1000-H.p. 1500-volt d.c. locomotives. 


ary ee 


These locomotives intended for passen- 
ger service are. of the B.-B, type, i.e. 
with two driving bogies, each pair of 
bogie wheels being driven by a motor 
through two trains of gears. The mo- 


tors, four per locomotive, are nose-sup- 
ported and are fed directly with 1 500- 
volt current. The locomotives can 
develop 1 000 u.p. continuous, and 1 400 
H.P. hourly rating. 


Fig. 


These locomotives develop this con- 
tinuous power at 50 km. (31 miles) an 
hour, and maintain it up to 74 km. 
(46 miles) an hour by shunting the 
field windings. Their maximum speed 
is 90 km. (56 miles) an hour. Four 
notches are provided for shunting the 
field windings, the last corresponding 
to 65 %. 


These locomotives, 50 of which are 
in service, are fitted with cam shaft 
control and with regenerative braking. 


Forty other B,-B, locomotives of the 
same power and characteristics have 
been built for working ‘goods trains. 
They differ from those mentioned above 
by the ratio of the gearing which is 
5.07 and by the electric brake, which 


6. — B,-B, class E-4600 locomotive, Midi Railway. 


is of the resistance type controlled by 
varying the field of the motors. The 
weight of these engines is 74.2 t. (73 
Engl. tons) and their maximum speed 
60 km. (37.3 miles) an hour. 


The Midi Company in recent years 
has put into service a new series of 
140 locomotives of the B,-B, type, which 
are slightly different from the previous 
ones. The power is greater, 1600 HP. 
continuous, and 1 800 u.P. hourly rating. . 
The control is electropneumatic, and 
the electric braking is of the resistance 
type controlled by varying the amount 
of resistance inserted in the circuit. 

Fifty locomotives of this type are 
intended to work passenger trains. The 
gear ratio is 3.475 and the maximum 
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speed is 90 km. (56 miles) an hour. 
The other 90 locomotives are for goods 
train working. They differ from the 
others by the gear ratio : 4.875, and the 
Maximum speed, which is 75 km. (46.6 
miles) an hour. 

The Midi is now receiving a new 
batch of B,-B, engines, 50 goods and 
17 passenger, of the same power and 
dimensions as the earlier ones. The 
electric braking is regenerative, how- 
ever. The total weight per locomotive 
has been increased to 80 t. (78.7 Engl. 
tons). 

When the Midi Company decided to 
extend its electrification to lines with 
easy gradients, run over by express 
trains, up to 120 km. (75 miles) an 
hour, it built 10 high-speed 2 C, 2 type 
locomotives. 

The interesting feature of these loco- 


motives with electropneumatic control is" 


the use of vertical motors built up in a 
single casing in which the two armatures 
revolve in opposite directions and drive 
through bevels a double toothed wheel 
mounted on the middle of a quill sur- 
rounding the corresponding axle. 

Lastly the Company has introduced 
a new series of 2 D, 2 type high-speed 
electric locomotives capable of hauling 
much greater loads than the 2 C, 2, 
whilst running at the same or even 
higher average speeds. 

These new ‘locomotives have four 
horizontal motors, each made up of a 
double motor in a single casing. 

Each armature shaft of a double mo- 
tor carries a pinion which drives a 
wheel fastened to one of the flanges 
of the quill. The rotation of the quill 
is transmitted to the driving wheels by 
flexible links on the outside of the 
wheels. 

The first of these locomotives left the 
shops at the end of 1932. Six of them 
are now in service. 


During their trials these engines 
worked 500-t. (492 Engl. tons) trains 
at 146 km. (91 miles) an hour, and 


820 t. (807 Engl. tons) can be hauled 
at 130 km. (80.8 miles) an hour. 

The B,-B, locomotives of the Midi 
Company incorporate a number of in- 
teresting features : 


— each motor drives its axle through 
two gears (one on each side of the lo- 
comotive); the toothed wheels are 


fastened to the wheel centres by a 


dovetailed joint held in place only by 
locking plates. 


— coupling of two bogies together 
by a system of rubbing blocks and 
springs which allow the bogies com- 
plete freedom of movement on curves 
whilst preventing any hunting on the 
straight usual on locomotives with two 
independent bogies. 

— increasing the period of body 
oscillation and in consequence improy- 
ing the steadiness of the floor by low- 
ering and reversing the concavity of 
the centres. The body is steadied by 
spring equalisers on the Robert triangle 
principle which take the place of the 
fixed side blocks usually fitted. 


The electrical equipment of the lo- 
comotives has also been improved con- 
siderably. In place of the cam shaft 
control used on the first batch, electro- 
pneumatic contactors have been used 
on the new locomotives. 

In addition, the power of the traction 
motors has been increased although 
they take up no greater space, 

The maintenance of the electric lo- 
comotives has been found to be cheaper 
than that of the steam locomotives. 

The leading dimensions of the Midi 
electric locomotives are given in ta- 
ble 9. 
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TABLE 9. 


202 
3101 


Diameter of driving wheels. . m, 


Length over buffers 


1.750) 1.750) 1.400) 41.400] 4.400 
m.}14.500/46.800]14.830]42.870]41 850)12.870|12.870/42.870 


2D 2 
4801 


Bo-Bo 
4001 


Bo-Bo 
4101 


Bo-Bo 
4501 


Bo-Bo 
4601 


Bo-By 
4201 


1.400} 1.400 


Total weight . . UI105.6 [1219.1 74.2) 77.8 tie |) Tees 80 80 
Adhesive weight, o/c) 0.venets St DT 8 | TO SORT 4 2a On| ae con ee om am eU) 80 
Number of motors . 3 (4) | 4@) 4 4 4 4 4 4 
Gear ratio . 4 63/18 |1414/32 | 76/45 | 78/46 | 69/22 | 73/24 | 78/46 | 73/24 
Power continuous rating H.P.}| 440 900 230 395 230 395 395 395 
per motor hourly rating . .H.P.J 615 975 260 445 260 445 445 445 
(1) Twin vertical motors. — (2) Twin horizontal motors. 
Electric rail motor coaches. — The for speeds up to 85 km. (52.8 miles) 


Midi Company owns the following elec- 
tric rail motor coaches : 


— 13 converted vehicles from the 
former single-phase lines. Their equip- 
ment consists of 4 d.c. motors of 340 
H.P. continuous rating and 620 ©.pP. 
hourly rating; cam shaft control. 


15 vehicles of the same power 


an hour. 


— 15 motor vans for hauling trains 
on branch lines. These vehicles, of 
680 u.P. continuous, and 850 n.P. hourly 
rating, can run up to 70 km. (44 miles) 
an hour. 


The leading dimensions of these rail 
motor coaches are as shown in table 10. 


TABLE 10. 


Motor 


RAIL MOTOR COACHES 
brake vans 


a et 


ZABEtyf 


ZCEyf | ‘ ZACEyf ZEyfp 


Diameter of driving wheels . m 1.020 4.020 4.020, 1.020 
Length over buffers m 19.140 24.404 24.404 15.470 
Total weight . t 55.7 64.2 64 60 
Adhesive weight . t 55.7 64.2 64 60 
Number ot IiOtorsi so. s ta nena 4 vis 4 4 
Gear ratio . oe et (OS) Au, 63/417 63/17 63/17 
Power Continuous rating. iB hey 85 85 85 170 
per motor /{ Hourly rating . .pHP. 155 155 135 240 
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Number of seats . 


Paris-Orleans Company. 


trification of its lines with heavy traf- 
fic, in consequence of the construction 
of the high-tension grid linking up the 


The Orleans Company has drawn up 
a very comprehensive scheme of elec- 


ee 


steam power stations in the Paris area 
(Gennevilliers and Vitry) with the 
water power stations in the Central Pla- 
teau (Eguzon, Coindre, la Cellette, and 
Maréges). 

The primary grid system of 220 000 
volts feeds the secondary 90 000-volt 
system from which the substations take 
their supplies and convert the 50-cycle 
three-phase current into 1500-volt d.c. 
current. The overhead wire supplies 
this current to the locomotives. 

The first section of the programme, 
Paris-Vierzon and _ Brétigny-Dourdan, 
was completed some years ago and 19 % 
of the total traffic could then be worked 
electrically. This percentage has been 
increased considerably since the Or- 
leans-Tours line was opened to electric 
operation in July, 1933. When the elec- 
trification of the lines between Vierzon 
and Brive is completed, that is to say 
towards the end of 1935, one third of 
the Company’s traffic will be operated 
electrically. 


Locomotives. — For long-distance 
train working, the Orleans Company 
began by ordering 200 type B, + B, loco- 
motives developing 1400 to 1700 mp. 
and weighing 70 to 77 t. (68.9 to 75.8 
Engl. tons). Each locomotive has four 


nose-supported motors each driving an 
axle through gears. They can haul 
1 200-t. (1181 Engl. tons) goods trains 
at a maximum speed of 50 km. (31 
miles) an hour, or passenger trains of 
500 t. (492 Engl. tons) at a maximum 
speed of 90 km. (56 miles) an hour. 

Ten of these locomotives have recent- 
ly had the gear ratios altered so that 
they can be run faster than 90 km. an 
hour. As altered, they can handle 450 
tons at a sustained speed of 105 km. 
(65.2 miles) an hour on the level. 

When the speed has to exceed 105 
km. with heavy trains, a much more 
powerful type of locomotive better 
suited for high speeds is required. 

As the railways and builders had 
little experience of such locomotives 
when 1 500-volt d.c. electrification was 
started, the Orleans Company ordered 
for trial purposes five high-speed loco- 
motives of different designs so as to 
find out, by long-period trials the most 
suitable type. These five locomotives 
belonged to the following three princi- 
pai types : 

pike (aC eG. 2 
H.P., with the 


on the axles; 
— the 2 D 2 with rod drive, of 4 400 


(gearless), of 3 000 
armature keyed direct 


Fig. 7. — 2 D, 2 class E-503-527 locomotive, Paris-Orleans Railway. 
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H.P., with the four motors on the sus- 
pended frame, grouped in pairs, each 
pair driving two axles coupled by rods 
on the « Kando » system; 


-— the 2 D, 2, with gear drive,. of 
3600 H.P., each of the four motors on 
the suspended frame driving one axle 
through a flexible drive consisting of 
gears, rods, and toothed segments of 
the « Buchli » type. 


This latter type having shown itself 
much the best, the Orleans Company 
ordered, for the Orleans-Tours electri- 
fication, 25 locomotives to this design. 

It also ordered, for trial purposes, 
four 2 D 2 locomotives mechanically 


and electrically like the 25 above loco- 
motives, but with a different method of 
transmission of the torque from the 
motor to the axles. 

These locomotives now being deliy- 
ered, are of 3700 u.p., weigh 140 t. 
(138 t. Engl. tons) and can haul 800 t. 
(787 Engl. tons) on the level at a sus- 
tained speed of 120 km. (75 miles) an 
hour, and lighter trains up to 150 km. 
(93 miles) an hour. 

750-t. (738 Engl. tons) trains can be 
hauled, at 75 km. (46.6 miles) an hour 
up gradients of 1 in 100. 

The leading dimensions of the Or- 
leans Company’s electric locomotives are 
given in table 11. 


TABLE 11. 


Diameter of the 


driving wheels m. 4.750 1.190 1.300 1.300 4.300 
Length over buffers . . m. | 17.780 | 12.700 | 12.580 | 13.400 | 413.100 
Total weight . t. 144 69.2 76.7 17.4 78.0 
Adhesive weight t. 80 69.2 76.7 77.4 77.8 
Number of Mmoporsy., cece > 4 4 4 4 a 
Gear ratio . 2/34 65/24 73/24 69/22 69/20 

or 67/25(1)| 74/47 (?) 

Tota] {| continuous rating H. P. 3 300 4 320 1 500 1 240 1 320 
power ( hourling rating . H.P. 3 700 1 640 4 720 1 420 1 680 


(2) Locomotives 221 to 224, 


Electric rail motor coaches. — When 
the main Paris-Vierzon section was 
electrified at 1 500-volt d.c. current, the 
old 600-volt suburban stock was replaced 
by 80 BB type 1500-volt rail motor 
coaches. These motor units can be 
used with two trailers to form rever- 
sible train sets, which canbe formed 
in groups of two or three to provide 
trains the power/weight ratio of which 
remains constant, 


Bo + Bo | Bo + Bo | Bot Bo | Bo + Bo | Bo + Bo 
1 to 80 101 to 188 | 554 904 205-220 225-240 


(4) 10 locomotives are fitted with these gears for working express trains. 


NOTE. — The 201 to 240 locomotives are mainly used for shunting or for working short-distance trains. 


The leading dimensions of these rail 
motor coaches are the following : 


ZC°Eyp 
Diameter of drivers . m. 1.050 
Length over buffers . m. 21.100 
Total weight : neve, (lsyllls, 
Adhesive weight . sot) J6a.15 
Number of motors ; meee AL 
Horse | continuous rating. 760 
power {| hourly rating. . .. . 990 
Numiber of seats.) ay aee a ee 92 


— 


Paris-Lyons-Mediterranean Company. 


The Saint-Gervais to Vallorcine moun- 
tain line, electrified prior to the war, 
still retains its special features, so we 
need not deal with it in this review 
of main line electrification. 

The Paris-Lyons-Mediterranean Com- 
pany, in 1929 and 1930, substituted elec- 
tric for steam traction on the Chambéry- 
Modane section of the Paris-Turin inter- 
national line which has very difficult 
_ gradients. 

The 42 000-volt 50-cycle three-phase 
current is supplied to the substations by 
a central station fed by a group of hy- 
dro-electric power stations of the re- 
gion. 

The locomotive stock includes high- 
speed machines such as the 2-6-2 AE, 
and medium-speed engines. 


The 2-6-2 AE locomotive is of the 
2 C.-C, 2 type and is the most powerful 
electric locomotive with a single body 
in use at the present time. During its 
tests it hauled between Chambéry and 
Saint-Jean-de-Maurienne trains of 800 t. 
(787 Engl. tons) without the speed 
dropping below 90 km. (56 miles) an 
hour, except on some kilometres of 1 in 
66, where it fell to 85 km. (52.8 miles) 
an hour. (It should be noted that the 
last shunt position was not used). 

The power of the medium-speed lo- 
comotives is about 2300 H.Pp. They can 
work 900-t. (886 Engl. tons) trains over 
gradients of 1 in 66. They are fitted 
with regenerative braking. 

The leading dimensions of the Paris- 
Lyons-Mediterranean electric locomo- 
tives are as follows (table 12). 


TABLE 12. 


High-speed locomotives. 


2 Bo—Bo 2 
242-AK, 


Diameter of driving wheels. m 1.590 

Length over buffers . . . m.J 24.000 | 20.000 | 23.800") 20.580 
Total weight . t. | 130.4 124.6 159 118.9 
Adhesive weight t fh Wass 73.6 107.4 80.48 
Nimber’ of-motors 507 2. 8 8 12 6 
Gear ratio . , 93/24 82/24 86/27 64/25 
Total continuous rating . H.P. 4 800 2 200 3 900 1 800 
power / hourly rating . . H.P. 2 300 4 900 2 220 


State Railways. 


The State Railways, as we have 
already said, have only electrified their 
suburban services. The electrification 
is therefore too restricted and special to 
be dealt with at any length here. 


2 Bo—B, 2 
242-BE. 


Medium-speed locomotives. 


Is AorByains | 1a es 4 


Women 
o-Ag : 
161-AK. | 161-BE. 


161-CE. 


2 Co—Co 2 
262-AF. 


4C,+¢,4 
161-DE. 


The lines served, however, amount to 


100 km. (62 miles) in length and the 
electrification is by third-rail at 650 
volts d.c, 

The leading dimensions of the rail 
motor coaches and locomotives actually 
in use are as shown in table 13. 


Diameter of driving wheels . 

Length over buffers . . . . 
Total weight . | 
Adhesive weight... . 
Numbersotsmetors th) tists Sakae 


Gear iratio 2). 7. 3 
iPower continuous rating. . H.P. 
per motor } hourly rating . . . HP. 


Number of seats . 


Internal-combustion-engined 
rolling stock. 


The use of internal combustion en- 
gines for railway purposes is relatively 
recent. The improvement in explosion 
motors and especially the advance made 
in the diesel engine has made their use 
for traction purposes of first impor- 
tance. 


Fig. 8. — 800-H.P. diesel-electric locomotive, Ceinture Railway. : tan 


4.200 
42.440 


jee ee - 


Rail motor coaches. 


4.400 
; 49.920 


0.925 
22.840 
vie 


Locomotives and locotractors. 


The internal combustion engine 
which, unlike the steam boiler, only 
consumes fuel when working, should 
first of all be used on shunting work, 
which is so often interrupted. , 

In consequence, since the war, in 
some stations petrol-engined locotrac- 
tors have been put into service at a 


| 232 ADE (1) 
a ite Oeea 
Passenger. 


M A.N. 
}o20 to 750 to 


8 8 


54 73.2 


Rail motor coaches. 
Poatests development, and one 


teadily increasing, in the use 
‘combustion engine, has 


Dieshew igfles) Renton? would aio 
2 al meet Hie “es of the 


or coach appears to be the 
yn of this problem and the 
aie Sas ees ona atts peate 


internal eamtraation 
b been. iat by the 1st Sep- 


4 ADE Q) 
Bo + Bo 
Passenger. 


Sulzer 


700 r.p.m.| 630 r.p.m.]} 


mm. | 280 x 380 | 310 x 370 


3 4 
4.250 
‘a= 15.130 14.000 
ae 95 13.2 


4 AMD 
Ao 1Ao+Ao 1 Ao 
Shunting. 


4 BMD 141 AMD 


Shunting. 


M.A.N. Sulzer M.A.N. 
600 to 600 to 600 to 800 to 


6 6 


8 


280 X 380 | 280 x 340 | 280 x 380 


4 4 4 4 
4.150 4.210 4.250 4.450 
42.900 43.500 44.000 44.300 
84.3 83.8 92.9 88.5 
70.8 741.3 4.7 66.5 


tember, 1933, 37 with diesel and 35 with 


-petrol engines. Since that date very 


satisfactory results have been obtained 
commercially on the lines on which 
these units have been in service.. 

The railways intend — and the new 
order for 260 units confirms it — to 
extend this experiment considerably in 
1934 by setting up new radiating serv- 
ices about certain suitably selected 
centres on their secondary lines and by 
introducing high-speed services on their 
main lines. 

This latter method of using rail motor 
coaches was introduced on the State 
Railways in 1933, between Paris and 
Trouville, by a two-hour service during 
the summer season. 


Ceinture. 


1 Bo + Bo 1 1D) 1 1Do1 
| Shunting. Goods. 


Sulzer 


700 r.p.m.| 670 r.p.m.}| 700 r.p.m.} 700 r.p.m.|} 
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meals. 


at me ate one mala ‘coach’: and 
one trailer provides 75 very comfortable 


seats on the lines of the Pullman coaches, 


with a bar and buffet for serving cold , sig 


dients of 1 in 125 on the Paris-Nice line. 

The French Nord is putting into ser- 
vice two Diesel-electric sets of 800 H.-P. 
for express working between Paris and 
Lille. These sets consist of either two 
motor units each of 400 u.P. or two mo- 
tor units with a vehicle sandwiched 
between them. They have to cover the 
250 km. (155.3 miles) in 2 h. 15 m., with 


a maximum speed of 140 km. (87 miles) © 
(Arras and 


an hour, and two stops 
Douai). 

The leading dimensions, so far as they 
are known, of the internal-combustion- 
engined rail motor coaches ordered by 


the railways are as given in table 15. 


Carriages. 

As far back as 1920, chiefly for greater 
safety, the French railways have been 
replacing their wooden-bodied stock by 
all metal vehicles. The work achieved 
is shown by the following figures : 


Number of metal coaches. 
—ROM Oe 


In Under 

service. construction. 
Main line 2 562 (1) 178 
Suburban 1 447 (2) 181 
Total . 4009 359 


Main line stock. 


The main features of these vehicles is 
that the body as well as the frame plays 


(1) 469 converted on the P. L. M. 
(2) Ineluding electric railears of the State, 
P. O. and Midi Railways. 


_ These units can run at 130 km. 
(80.8 miles) an hour over the long gra- 
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corrugated sheet floor finished in Ter- ‘eal 
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The results obtained by such standar- 
disation have been remarkable. In all 
the vehicles in question, the following 
parts are identical : all steel castings, all 
steel pressings; all forgings; all hand and 
air brake riggings, electric light fittings, 
heating (except the radiators which have 
an extra tube in the first class); all me- 
tal doors; all lavatory equipment, ex- 
cept the wash basins and fittings; almost 
all brass work which is nickel plated in 
the 1st and 2nd class but simply polished 


in the 3rd, nearly all wood mouldings. 
The sections and plate thicknesses are 
all exactly the same in all classes. 

Out of the 1 022 patterns of attendant 
parts in a 38rd-class coach, 899 are the 
same as in the ist. The 123 others in- 
clude 72 fittings (seats, backs, wash 
basins, and accessories); 13 notice pla- 
tes; 20 parts of the same section but of 
different length (brake levers, window 
frame cross bars, etc...); and 25 small 
details. 


TABLE 16. — Leading dimensions of the main-line vehicles of O. C.E.M. design. 


TYPE, A8yfi | A31_ BSyfi | A®BS5yfi B°yfi BtChyfi Cloyfi C5 Dyi 
Bogie wheel base . -m.| 2.500 | 2.500 | 2.500 | 2.500 | 2.500 | 2.500 | 2.500 
Distance between bogie centres. m.| 15.343 | 45.610 | 16.098 | 15.244 | 14.194 | 15.045 | 15.640 
Length of the body .m.| 24.933 | 22.200 | 20.683 | 24.834 | 20.788 | 21.635 | 22.200 
Width of the body . sm:|~ 2-938 | 2.938 | 2.938" | 27938 | 2.938") 2.2938 | 259388 
Length over buffers .m.' 23.263 | 23.530 | 22.013 | 23.164 | 22.144 | 22.965 | 23.5380 
Geel StmeClassin cf < 48 24 18 
Number | 2nd class . | 40 40 ie 32 
of seats. ) 8rd class . . 40 80 40 
| otal sissies chaise 48 641 58 72 72 80 40 
SGenClass meen) 2450p aeaeoOr| » 2).450) 
‘ereoaromente,y 2md class .m.| 4.900 | 1.900 | 4.900 | 1.900 | 4.900 
3rd class . m.| 1.690 | 41.690 | 1.690 
Maree week a =... t.) 47.0 50.7(4) | 44.5 47.0 44.5 45.5 42.5 
(4) With electric heating in addition to steam heating. 


Fig. 9. — Cloyfi main-line coach, designed by the O.C.H.M. 
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AYy iGO 


coach for fast express trains, 


Nord Railway type. 


Fig. 


11. — C*yfi coach with side doors 


Dyle et Bacalan design. — Like the 
O. C. E. M. coaches, the design includes 
a body framing but greater use is made 
of steel pressings. 

In this alternative design, the frame 
is triangulated by steel pressings in the 
form of St. Andrew’s crosses, the floor 
not forming part of the frame as on the 
O. C. E. M. stock. : 

The side pillars are carried on the 
top flange of the sole bars and not on 
the side of the web. Angles are used 
to secure the pillars to the sole bars. 


for express trains, Nord Railway type. 


Nord design. — The Nord Company 
aimed at making the body as strong as 
possible to stand up to the shocks re- 
ceived in service and in case of colli- 
sion, and obtaining perfect cross brac- 
ing, greatest steadiness at the highest 
speeds, and finally least air resistance. 


The result of this investigation was 
the vehicle turned out in 1933, the very 
characteristic vehicle of the Nord. The 
coach is really a smooth tube in one 
piece and is built up of steel stiffened 
by steel rings or with cross partitions 


i joints. 


free f m rivets, mained frames, and 
In stock for semi-fast trains side 
doors have, however, been used. 


wr 
einignnecaaeae 


2.384 


: 22.350 
( st class 48 
) 2nd class. 
) 8rd. class 
48 
2.150. 


2 2nd class 
a! 3rd class . 


.88. 3 2.384 2.384 | 2.384 
22 350 | 22.400 | 22.352 | 22.350 | 20.850 
48 18 ; 

38 22 68 38 

88 

56 40. 68 38 88 

B52) fo 2. 452 

1.910 1.910 1.910 4.908 

4.610 

Ry ee 45.5 46.5. 45.5 45.5 


5th feted: in tare weight 
| by ms the ace a ee 


Est coach is "a" eubdiae girder : 
-» to take the vertical loads, 
_ «tube » to resist the longitudinal and, if 
G need be, lateral stresses. 

- The ‘two sides form the web of the 
sirder, the two flanges being the roof 
nd ee steel plate floor. 

j part which can still be called the 
which consists of a floor 
along its edges by two sole 
been built completely into the 


tended downwards and turned up square 
for this purpose. 

With this design, no body framing is 
needed. All that is necessary is to stif- 
fen the plates with U shaped pressings. 

The ends (vertical seat backs) built of 
strong pressed steel frames, are carried 
by drag boxes and pillars of pressed 
steel, the whole forming a shock absorb- 

ing device against telescoping in case 
of collision. 

To simplify the design, construction, 
and maintenance, all coaches of the same 
class have the same frame, the only parts 
which vary being those affected by the 
size of the compartments and by the 
fittings and interior decoration. Erec- 
tion has been simplified by welding. 


Bogie wheel base . , 
Distance between bogie cent eset’. aoe 
Length of body . . tad: ee n.. 
Width ‘ot. body...) 2 :apeiea iets Meme eres 
Total length over buffers. Fe is be, 2 m. |! 
eee st clagec oats. Oe eeerie 
Bes 2nd class . . 
seats. 8rd class . 
; total 


Asti Class Ge (esncme oie Mey 4a 
Length of the 


2nd) class eet) ¢a\g eeu | 

compartments. ; - 
BECP Classi .0a ac. imnarles 
Tare. weight". on? Gl G ayn oe eee: 


ie 2. 040. 4 
23. 530 


2.150—1.490| 2.41 | 
41,910 | 1.910) 4.940} 


me [ See [Sekt eT ~ a 


Paris-Lyons-Mediterranean type. — 
The Paris-Lyons-Mediterranean possess- 
ed a very large stock of bogie vehicles 


with wood bodies. 


It has progressively rebuilt the stock — 
used on the express trains so as to give © 


the passengers the same safety and com- 
fort as in all-metal coaches. 

The wood framing has therefore been 
replaced by a strong metal framing 
with U or L pillars riveted to the webs 
of the sole bars, which web consists of a 
6-mm. (1/4 inch) thick plate continued 
up to the waist. The top of the pillars 
is fastened to a very rigid metal frame 
built up of two rivetted angles onto 
which are also fastened the U’s and L’s 
forming the roof sticks. 

The roof itself is metal and so are 
the inside ceilings. The metal floor is 
the same as the O.C.E.M. design. The 
ends of the body are protected by a thick 
steel pressed plate assembled on pressed 
steel pillars, the whole being strongly 
tied into the rest of the body framing. 


dynamo any Cis ine foot can he F 


have been built to this design. ‘ 


Other Lenlites: of modern French mail 
line stock. The modern main- 
stock | senerelys speaking is fitted wit 
Pennsylvania type bogies, well known ; 
for their good riding qualities, 

aus bogies are either Pies: steel 


turned low for the night. The Nord also ee 

uses lighting by Bare fitted on 

the locomotive. > hia oe 
Steam heating is Anos always titted 


- with compartment control. It has bi en ie 


improved considerably as, for exampl oy 
by the use on many railways of r 
steam heating couplings with st 
through passages. 

Electric heating is being 
on the electrified lines and 0 
international service. © 


The interior fitting out. 


— 105 — 


Fig. 12. — C"yfi main-line coach, Est type. 


Fig. 13. — Suburban coach, Est Railway type. 


of the coaches has received much atten- 
tion but the designs adopted differ on 
each railway. 

Safety glass is being used more and 
more. : 

The vehicles have been made more 
comfortable. The 3rd-class seats have 
been upholstered and some railways are 
fitting seats with spring fillings. 

Sleeping accommodation is becoming 
more widely used, and third-class berths 
have been introduced on some railways. 


Luxurious sleeping compartments for 
two passengers, and in some case for one, 
have been built and fitted with every 
possible convenience. Special saloon 
sleeping. compartments have also been 
provided for the use of wealthy travel- 
lers. 

Suburban stock. 


The suburban stock has been radically 
altered in recent years. Large-capacity 
all-metal vehicles built on similar lines 
to the main line stock with ample plat- 


: 


Ti 


iz form s s pace te 


eaters have been adapted f r this 
= base Of stock: 
Reversible rakes are fecomnae more 

and more general. The locomotive ¢ 

mains at either the head or rear of the rye oN 

train, in whatever direction the train ed. <r ', Sees 


< ealer a ga | 3s 
6 | Ssfi aD mall Bi, 
28 hese re Se | os 7 
com aes Sp BS | ak 
& $ as © 3 aa | 
4 | aes | Sg | Pe | 1st ol: | onde 
ae 8 ee 2nd ¢ 
e 8 5 as 


5 
5 


| 0.C.E.M. design : | 
h BAS Tip. aan an » | 2.500/43.684/19.884/24 244] 


Bane 


20.850] 64 | | 64 
|20.850 


Ayia Se 2.500] 14.500] 20.000 
‘AByl dee eed 2.500]44.500|20.000 


_ y 
: APB fp ease 2.500/13.684/49. 884/24 .244 124 63, aa 
‘ Bigip Oca eee 2.500/13.684]19.884/21.244) ' |98ee 98 - 
BeEyfp....... . | 2.500/43.684|49.884]24 244] Bi | 84 q 
; Cyipsy- 54 eee 2.500/13.684|19.884/24 244) | 98 | 98 i F 
e C2ityin cs ae 2.500/13.684|19.884]24 214] : 81 | 81 1 
os 


24 | 58 7) 82 


‘ BDyiticcy eee -. | 2.500]/44.500/20.000] —«{ 20.850 noe | 79 

; Gi reas et <a 2.500]14.500/20.000}. 20.850) «=| sd 98s] (98. 
CDsyi ....... . | 2.500/44.500/20.000 (20.850) ae Se Tomea erg ‘i 
Acct pin dake aut 2.500) 44.500]22.570|24 .240 66 } 66 4 
Brayi, 4 2ReP lie 2,500|14.500]22.570]24 240 gg" | Ss lop ‘* 
Caylee ee 2.500) 14.500]22.570]24 .240 78 | 78 ‘ e 
CDxxy ila, ok gla 2.500| 14 .500/22.570]24 .240 | 49 | 49 ys : 


The most recent innovation in sub- resistances. 
urban stock has been the double-decker building 40 new i Bowie ‘ot ‘this. sete a 
a 


large-capacity coaches introduced by the WSL the 10 now in service. ‘cS Te 
State Railways on the Argenteuil and IG Tae 
Conflans line. Large use has been made : Post Office stock, on Wyte 


of light alloys and special nickel steels. 
Roller bearing axle boxes have also been At the ene of eff! ian! ihe Post Of 
fitted to reduce the starting and running only had at its disposal worn out woo 


Fig. 


body stock consisting of bogie travelling 
post offices, some bogie with 18-m. (59 ft. 
5/8 in.) bodies, others 4 and 6-wheeled, 
- with 14-m. (45 ft. 11 in.) long bodies, and 
4 and 6-wheeled auxiliary vans 11 and 
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14. — 20.28-m. (66 1/2 ft.) Post Office van, designed by the O. C. E. M. 


TABLE 20. 


14 m. (36 ft. 1 in. and 45 ft. 11 in.) long 
used as brakes for carrying sealed postal 


sacks, 
In 1922, the O.C.E.M. was instructed to 
prepare new designs. The present Post 


Length 
of the 
body. 


Length 
over 
buffers. 


Distance 
between 
bogie 
centres. 


Bogie 
wheel 
base. 


m. 
2.500 


2.500 


2.500 
2.500 


7.400 (4) 
2.500 | 44.400 
2.500 | 441.400 


2.500 11.400 


REMARKS, 


Includes 1 sorting compart- 


‘ment between two gangways. 


For the Alsace-Lorraine Rail- 
ways; also has 1 compartment 
for sorting post parcels. 


These vehicles now under con- 
struction are for the Alsace-Lor- 
raine Railways. They are arran- 
ged like the PAy. 


Specially set aside for the In- 
dian Mail. 


ay 


eS ee, aes 
_ > 


a -  e 


M eae nee Wsicles 1 or 
main lines. ‘There are- two types, h 


main Daitteente pawees tubs types lies 
in the way certain parts of the body 
framing are assembled. The opening: 
the body sides are reduced to the mini- 
mum in all these vehicles and the light- 
ing by day is through deck lights. _ 
The leading dimensions of this stock 


“are as shown in table 20. 


omy 
> gael 


oy Brake vans. 


The French railways were led to 
resort also to all-metal construction for 
the brake vans, which were designed by 
the O.C.E.M. for both express and ordi- 
nary trains. 


(ee Sdesie 
hicte of great ie ; 
look-out or a periscope. 

At the present time, the railways ha 
in service nearly 1 800 express and slo 
train vans, 1300 of which are of i 4 
standard design. es 

The leading dimensions Os this stock 
are as follows : . 


Express brake vans. 


DPyi Dq®) Dg) Dq 
Length over buffers . si. 46.890 43.4130 13.130 13.138 rio 
Wheel base 5 va 10.000 8.000 8.200 8.000 4.000 
Body, inside ( length .m. 8.190(!) 9.088 12.294 44.092 6.493, 
dimensions { width .m. 2: 1a 2.494 2.477 2.520 2.582 ay 
Tare ME nee Seti 20 47.5 20 Eee i] 
Load A 8 6 8 Gi Me ee ae t 
' Wagons. vehicles have been stiffened up too. — 2 

Since the war, the wagon stock on The usual useful load today is 20 tons. | — ty 
the main lines has been made stronger, The fitting of the continuous brake © 
its carrying capacity increased, and its to the ordinary goods stock — a major 


wheel base lengthened to improve its 
riding and allow the speed of goods 
trains to be raised. 

Metal framing has been used in place 
of wood, and the buffing and draw gear 
strengthened. The ends of the older 


(1) Plus a post office compartment 5.10 m.(16 ft. 9 in.) long. | Tine Po Oa 
(2) Six-wheeled. Alsace Lorraine Railways only. ht >< ite one 
(3) Non-standard types, on the Paris-Orleans and State Railways only. 7) an 
(1) Excluding a large number of special wagons (tank wagons, isothermic wagons, ete.. eh} ah 


built with the same frame. 


(1) Two of these vehicles are now in ser-vice. 


operation which took much time — 
makes it possible to speed up the goods Vee 
trains, the maximum speed having been’ 
increased to 60 km. (37.3 miles) an hour | 
already. When, during 1934, all thetd i 


stock will be fitted with the continuous 
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Fig. 15. — 20-ton standard high-sided wagon. 


brake, the speed limit will be raised to 
70 km. (43.5 miles) an hour. 


Standard wagons. — Twenty tons is 
the carrying capacity selected for most 
of the ordinary goods standard stock 
of the French railways, consisting of 


ft. 10 in.) wheel base, complying with 
the international regulations. As from 
1919, all 20-ton wagons have been or- 
dered to this design. At the present time 
the railways own more than 57000 (1). 

The leading dimensions of these wa- 
gons are: 


four-wheeled wagons with 4.50-m. (14 
TTuw ein Met REMARKS. 
high- NNTouw KKuw 
sided. flat. covered. — 
Inside length pylon Olee 8.140 7.290 The covered wagons are 
body width om 2.570 2.580 2.600 fitted with the Westinghouse 
dimension: P f compressed air brake with 
ensions height -m. 1.410 0.500 2.470 « passenger-goods » triple 
Floor area -m? 17.27 23 49 valves so they can be formed 
Tare . t. 10.200 9.8 11.3 in express parcels trains. 


The railways have also taken delivery 
of 1900 forty-ton bogie wagons of the 
O.C.E.M. standard design. The tare 
is slightly over 20 tons. The load is li- 
mited to 40 tons through the maximum 
axle load of 16 tons accepted by the 


Length over buffers. . . . m. 
Distance between bogie centre m. 
length -m. 

Inside body : 
dimensions nam es 
height m. 
Floor area . Se) te Leng Wee 
TEED Es 


European railways. These wagons were 
designed, as regards bogie and under- 
frame, to carry 52.5 tons. 

The leading dimensions of the stan- 
dard 40-ton wagons are as follows : 


lligh sided. Flat. 
Ne 
44.850 49.690 23.690 16.130 
6.850 14.000 48.600 10.500 
40.7410 18.354 22.354 14.854 
2.642 2.120 2 AS0e QU 
4.845 9 stakes 40 stakes 10 stakes 
of 0.570 of 0.570 of 0.565 
28.3 30.09 47.64 30.84 
20 20.4 22.9 419 
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Fig. 


17. — 60-ton self-discharging high-sided wagon, Nord Railway. 


Fig. 16. — 40-ton standard flat wagon for loads up to 18.50 m. (61 feet) long. 


The standard designs also include a 
4-wheeled vehicle with 5.90-m. (19 ft. 
4 1/4 in.) wheel base for vegetable 
traffic. The standardisation of the 
French rolling stock has been based on 
standard designs common.to all rail- 
ways, which can be altered as soon as 
an improvement is found necessary. 
This system, by its flexibility, avoids 


the usual defect of excessive standardi- 
sation resulting in the stabilisation of 
the original types for long periods. It 
enables the stock to be kept constantly 
up-to-date by fitting all improvements as 
and when found necessary in practice, 
or suggested by general engineering 
developments. 


— 111 — 


Miscellaneous wagons. — In addition 
to the standard stock the railways own 
high-capacity wagons such as the self- 
discharging high-sided bogie wagons 
of the Nord which have a carrying ca- 
pacity of 60 tons, for a tare of 19 tons, 
the 50-ton high-sided bogie wagons of 
the Est and many high-sided wagons on 
the other lines. The 50-ton wagons being 
built for the Alsace4Lorraine Railways 
for bulk grain transport may be men- 
tioned in this connection. Most of these 
high-capacity wagons exceed the allow- 
able maximum axle load of 16 tons and 
are worked over the strengthened lines 
only. 

Besides their high-capacity units, the 
railways own many isothermic or refri- 
gerated wagons, as well as wagons for 
special purposes. 

The Paris-Lyons-Mediterranean, for 
example, have designed a number of 6-m. 
(19 ft. 8 1/4 in.) wheel base wagons for 
carrying early vegetables (1), to a re- 
duced loading gauge suitable for running 
in England and in fast trains on all Con- 
tinental standard gauge lines. 

The 0.C.E.M. has also designed wa- 
gons for carrying early vegetables, which 
can run in France and England, and by 
changing wheels and axles, in Spain. 


Rolling stock maintenance in the works 
and shops. 


Rolling stock maintenance is a very 
important subject but it will be men- 
tioned here very briefly as it does not 
come directly within the limits of an 
article dealing with the structural deve- 
lopments of the rolling stock. 

However, we must mention that, since 
the war, the railways have done much 
work on the scientific reorganisation of 
rolling stock repairs in their shops. 

They have laid out their available land 
and modernised their methods on mo- 
dern principles, as used in private indus- 


(1) Two of these vehicles are now in ser- 
vice. 


try, each railway according to its ideas 
and needs. 

The fundamental change may be said 
to be in dividing the shop work as be- 
tween the preparatory work, the execu- 
tive work, and the inspection. 

Specialisation of the staff and even 
the works in each of these divisions, 
and especially so far as the actual carry- 
ing out of the repair work is concerned, 
has been carried very far (for example 
the adoption of the belt system) and has 
given remarkable results as regards 


‘efficiency and quantity of output. 


The staff have been given an interest 
in the output by means of special pre- 
miums and these have produced the de- 
sired results. 

The new methods have halved the 
time engines are out of service (35 days 
instead of 70). At the present time 
heavy repairs including a thorough re- 
pair to the engine and heavy boiler re- 
pairs take 19 days. 

Mechanical improvements in details 
and careful inspection — systematic as a 
rule — of the parts when giving them 
their periodic overhaul have made it 
possible to increase the distance run by 
the engines from 60000 km. (37 300 mi- 
les) in 1913, to 75 000 km. (46 600 miles) 
and even 90000 km. (56000 miles) for 
some engines in 1933, in spite of the 
heavier use made of them. 

Then too the tool equipment, in the 
sheds and in the shops, has been moder- 
nised in accordance with the latest prac- 
iice. 

The repairs of electric locomotives 
have been organised on equally scientific 
lines, and the work is done more quickly. 
General overhauls of the locomotives and 
rail motor coaches which are given after 
about 120 000 km. (75 000 miles) are now 
taking only 6 days without using spares. 

This examination of the principal lines 
of the evolution of French rolling stock 
since the war shows that these railways 
have kept in the forefront of technical 
progress and at the same time have 


test alee eee wwefibetse os greatest 
honour on the railways. 
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‘Austrian F ederal Railways Wotkahons: Dep rt 
Reorganisation and Development, pests 


Foreword. 


The State-administered Austrian Fe- 
deral Railways, on the 1st October 1923, 
were made into a separate financial 
undertaking. This date marks the be- 
ginning of reorganisation. The worn- 
out condition of the stock, as the result 
of the world war, could only be made 
good gradually owing to the lack of 
money in the post-war years, and the 
repair shops suffered from the same 
cause. Then too, as it was not definitely 
known what stock the Austrian Federal 
Railways would have left them for use 


on their own lines, it was possible 1924, this number had grown to. 3 278. “4 
neither to reform nor to standardise The subsequent changes in the stock are F 
systematically the rolling stock as early shown in table 1. % 
TABLE I, ; =: 

Austrian Federal Railways locomotive and railcar stock. ’ : ey 


Power drwen 


Hlectrie locomoti- 


ves . 48 50 77 8691 


Steam rail ‘motor 


coaches .. . 3 SNES i 2 


Electric rail mo- 


tor coaches . 13 24 24 24 


Internal - combus- 
tion-engined. 
rail motor co- 
SIGLLC Siem ral ar P= AEE val 


Total . . . . . 2731 3278 2999 2727 2698 2791 2667 2555 2458 


by F. STRAUSS, Vienna. wren! bape va f fie 


as 1923. Only in 1925, af , 


SER SSS ele! FR of et 
vehicles. 1923 1924 1925 1926 1927 1928 1929 1930 1931 1932 1933 1934 
Steam locomotives. 2667 3201 2894 2607 2559 2 630 2478 2324 2218 2 240 2 085 2 084 


aR 7 a 


[621 158.8 (. 436) & 628. 26 (.456) ] 


TERA mt i. 


had been divided up, was it 
draw up the breaking up 
programmes. The carrying 0 
programmes, with improved 
of the old stock left, has been t 
cipal work the main shops have 7 
dertaken. . 
Changes in the stocks of loconaunved ea 
and other power-driven vehicles. ; 
The number of locomotives was 2 7Sie 
on the 1st October 1923. After the Aus- 
trian lines of the Siidbahngesellschaft 
were taken over on the ist January 


LEG) ilies le (ay abe 


112 126 154 « 192 196 209° ee) 22 


eee eg ol eng ey Mow 


When th ee es ek of 
Austro-Hungarian _ 


of types. of elec-. 
a oe Lege 


Eaccting ead compet 
e it necessary to accelerate 


d increase — nae fre- 
which resulted. the in- 
of new. erect vehicles. 


1933, three types of vehicles 
ial combustion engines were 
, two pithy diesel engines and 


Ban the eee in traffic in the 
d half of 1930, a number of loco- 
t es in working order for which 
_ there was no immediate need were 
stabled. During the following years, 
7 ‘more and more engines in working order 
and others which required extensive 
i a a repairs were withdrawn from traffic. 


Coaching vehicles and wagons. 


i: The? stock of passenger coaches, post 
office vans, and parcels vans has in- 
-ereased, from 7090 in October 1923, to 
7 898, and the goods and service wagons 
from 38188 to 39232. The serious 
changes in the stock figures are due to 
old vehicles being withdrawn and new 
vehicles added to the stock, etc. As 
e increases, 1928 was a note- 

as 6000 vehicles were 
In the case of new 


dard isation and siteretiaugeabilty. 


_ The number of the different types and | 


classes of vehicles will give us an idea 
of the multitude of designs of the stock. 


The passenger carriages, post office, and 
parcels vans include 276 groups and 


20 classes, and the goods wagons 122. 


groups and 29 classes. 


Modification in the regulations dealing 
with repairs. 


The regulations governing rolling 
stock repairs and their examination 
were adapted in 1923 to the altered 
working conditions. The principle 
adopted was to bring the stock, and 
especially the locomotives, in the main 
shops for repairs more frequently. The 
reason for this was to reduce the repair 
costs, to improve the state of repairs, 
and to keep the main shops working at 
a uniform rate, at the same time taking 
away work from the outlying repair 
shops. At the present time, heavy re- 
pairs are only done at the main shops, 
to the whole of the locomotives, with 
the single exception of the electric loco- 
motives which are to some extent dealt 
with in the ordinary maintenance shops, 
owing to the Linz main repair shops 
being inconveniently placed as regards 
the electrified lines in Western Austria. 
Thanks, to the wide interchangeability 
of parts, the work done in the outlying 
repair shops on the electric locomotives 
is limited. The interchangeable parts 
are repaired at Linz. 

Tables II to IV below give particulars 


of the new repair periods for locomo- 
tives and carriages. 
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TABLE II. 
Steam locomotive repairs. 


Class of repairs. 


Heavy repairs. 


Lifting. 


Light repairs. 


Running repairs. 


Designation. 


HV 


Period. 


Every 6 years or 
every 5 years for 
steel, or steel and 
copper, fireboxes. 


After a maximum of 
100 000 km. (62 000 
miles) for express, 
passenger and 
goods engines, and 
150 000 km. (93 000 
miles) for shunting 
engines. 


According to each 
case, or owing to 
defects found on 
examination. 


Remarks. 


eee 


Raised as an experiment 
for 2 years to 130000 
km. (80800 miles), 
and for some classes 
of engine to 150000 
km. (93000 miles). 


Includes repairs carried 
out at the fixed an- 
nual inspections. 


Includes repairs carried 
out at the monthly, 
bi-monthly, quarterly 


or half-yearly inspec- 
tions. 


TABLE III. 


Repairs of electric locomotives. ; 
pee ight eg Es oh re 


Class of repairs. 


Heavy repairs. 


Light repairs. 


Running repairs. 


| Designation. 


G 


Period. 


After 150000 km. 
(93000 miles) to 
200000 km. 
(124000 miles) for 
express, passenger 
and goods engines. 


According to each 
ease or when de- 
fects are found. 


Remarks. 


——eevror—o— m'_—ww— 


Includes repairs done at 
quarterly, half-yearly, 
or annual examina- 
tions. 


Includes repairs at bi- 
monthly and monthly 


examinations. 
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TABLE V. 


Period between carriage and wagon repairs. 


Use of vehicle. Class of vehicle. 


over 90 km. 


over 
up to 90 km. 


In express and pass- 
enger trains of ma- 
ximum speeds of : 


In goods trains . 


Standard-weight wagons, 
wagons 


Gas-oil tank wagons . 


Service wagons . 


Incorporation of the workshop depart- 
ment in the undertaking as a whole. 


Before the undertaking known as the 
Austrian Federal Railways was set up, 
the whole of the repair work came under 
the area managements which in turn 
were responsible to the Federal Minister 
of Commerce and. Transport. The 
Operating, Traction and Workshops De- 
partments were grouped under the 
Transport section of the Ministry. The 
workshops department of this section 
controlled the whole of the rolling stock 
maintenance service. 

The whole of these functions devolved 
upon the General Management of the 
Austrian Federal Railways from the 1st 
October, 1923. This smoothed the way 
for simplifying the elaborate administra- 
. tive machinery in the workshop service 
and for eliminating the different head- 
quarters in this branch of the railways. 
It thereby led to uniform management. 

The main workshops were placed 


56 miles). 


( 
70 km. (43.5 miles). 
(56 miles). 
up to 70 km. (43.5 miles). 


On narrow-gauge lines in passenger train service . 


steam heating boiler wa- 
gons, travelling cranes, snow poten: See 


Tool and ballast wagons, and service wagons in 
breakdown trains ; ete yee se ide 


Period 
between 
repairs. 


Remarks. 


6 months. 


One year. 
18 months. 


3 years. |8-wheeled goods wagons 
which receive an in- 
termediate repair after 
18 months. 

2 years. 


1 year. 


2 years. 


3 years. 


4 years. 


under the immediate control of the shop 
management. The field of action of the 
shops was clearly defined and, as a 
result, they became more self-contained. 
The higher management and the super- 
vision of the services were brought 
under the workshop headquarters which 
on taking over the locomotive running 
department and the outlying repair 
shops was made, in 1930, the Mechanical 
Engineering Department. 

The workshop service is independent 
of the rest of the undertaking except in 
so far as it is limited by general consider- 
ations. Amongst these may be men- 
tioned the conditions of service of the 
staff, the general regulations as to wages, 
salaries, promotion, and the allocation 
of credits. The purchase of construc- 
tional materials is not under the Mechan- 
ical. Engineering Department, but is 
centralised for all branches of the rail- 
way under the Stores Department which 
also controls the main stores. 


a | mY! Wwe ; 


al @ 


‘were repaired in rie hie velee ‘ 
motives in 1, the passenger carriages in 
12, and the goods wagons also” ee 
shops. i as th 

By rationalisation up to 1933 inca 
the workshops at Vienna-Western sta- 
tion, Graz-Koflach station, Graz-Andritz 
station, the Siidbahn shops at Vienna, 
the Jedlesee, Salzburg, Feldkirch and 
Innsbruck shops were suppressed. As 
a result there are now only 5 main shops. 
The electric locomotives are dealt with 
in 1 of these (Linz), the steam locomo- 
tives in 3 (Floridsdorf, Linz, and Knit- 
telfeld), the internal combustion-engined 
vehicles in one (St. Pélten), the passen- 


2 eee GS ZUWEISUNG 193¢ 


Hauptwerkslétle| Hee Damp? | Verbremungs [Peesanen Bir — 


freblahrzeuge _Wagen 


ian ; _ -- 4 ne Pe genet ee 
aur kleine 


Meshes ene? 


Der Geschéfisumlang der Werkstatten in der gleichen fahrzeuggatiung 
kommt in der broke der emzelaen sthematschen Darsleluagen zum Ausdruck. 


ei] Haupiwerkstatien erhalten 74% Lok Reihen und zwar 
Knittelfeld 


Fig darf Linz 


* hyevan 12 Elektra -lok Reihen. 


Tans The 


Explanation of German terms : 


Hauptwerkstatte = Main shops. — Erhaltungszuwei- 
sung 1934 = Distribution of maintenance work, 1934. 
— Hlektr-Dampf-Lokomotiven = Blectric-Steam- 
locomotives.— Verbrennungstriefahrzeuge = Internal 
combustion engined vehicles. — Personen Wagen 
= Carriages. — Giiter Wagen = Goods wagons. — 


Nur kleine Ausbesserungen = Light repairs only. — 
Der Geschaftsunmfang... zam Ausdruck = The extent 
of the work done in the- different shops on the same 
classes of vehicle is shown by the dimension of the 
diagram. — 3 Hauptwerkstatten... und zwar = 3 
main shops deal with 74 classes of locomotives, 


namely. — Reihen = Classes. — Hiervon 12 Elektro-— 


lok Reihen = Including 12 classes of electric loco- 
motives. 


the Austrian Federal Baliasoie 


- Reorganisation of the chon mths y 


As a result of the financi: 


money was available for reorganisi 
the shop methods. Another difficu 

was that practically all the staff was — 
permanent. A start was made at Knit- 
telfeld, to which shop the Se - “J 
below refer. | es, 


When the new ‘methods were “first” 
introduced the wages were higher than 
those in private ‘works and it was no 
possible therefore to get the men 
terested in the new methods by t 
att gcton, of pes Te betes Ay eS 


He ‘the fairy peeyeelt he. different & 
shops, was resorted to. The idea of — 
emulation was extended even to the i 
speed with which the repairs are | aa 
pleted. The object was attained | 
means of detailed programmes sh 
the time each job must be done 
the vehicle is to be repaired qui 

The reorganisation princ 
Poe to es igi eo ee 


wor’ astetinigen” 
case, of a series of methe 
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changing operations, which, in conjunc- 
tion with the most up to date shop me- 
thods, avoid the former losses. 

The vehicles being, however, in wide- 
ly differring services, some on level 
lines and others in hilly country, are 
not subjected to the same fatigue, and 
the degree of wear varies so much that, 
if the repairs to be done are laid down 
too rigidly, the cost inevitably would 
increase. This already limits the degree 
of specialisation, the quantity of spares 
and interchangeable parts, and the ap- 
plication of the belt system. 

At the same time the degree of wear 
and the repairs required to each detail 
have had to be ascertained so that the 
repair programmes show slight varia- 
tions from the standard. The general 
working programme, in other words, is 
adapted to each individual case. 

Mass production and mass_ repair 
methods have been developed to the 
fullest extent in order to obtain the 
financial savings resulting from such 
methods. Interchangeability, and espe- 
‘cially mass production of semi-finished 
parts for stock has the same object in 
view. 

The breaking up of the work to be 
done iato the detailed operations in- 
volved at the same time the division of 
the old inclusive prices, that is to say 
the contract rates for a more or less 
clearly defined group of jobs. These 
contract rates had to be divided up suf- 
ficiently to ascertain the value of each 
job as a whole and of each individual 
operation, the different degree of wear 
also being taken into account. This 
subdivision had, on the other hand, to 
be kept within limits so that the dis- 
tribution of the work and the account- 
ancy should be as simple as possible. 
The number of time rates in force in 
the Knittelfeld shops has increased from 
3000 to some 30 000. 

In order to simplify and speed up the 
distribution of the repair work, printed 
forms have been drawn up for each 


group of parts, the time for each indivi- 
dual task being often printed in. The 
issuing clerk first of all only marks the 
operation the job in question involves, - 
or in some cases the number of parts 
to be repaired, from which the total 
time to be taken can be calculated. A 
similar procedure has been followed in 
purchasing materials. For each group 
of detail parts, printed lists of the ma- 
terials required have been provided, and 
on these the materials needed are 
marked off when the job is started. 

The time rates have been arrived at 
by timing the jobs. Since this method 
was introduced at the beginning of 1926 
some 30000 time allowances have been 
arrived at. The timings are made by 
foremen specially instructed both theo- 
retically and practically. 

The times taken in the Knittelfeld and 
Linz shops have been applied in the 
other shops for the same work, adjusted 
if necessary to meet the local working 
conditions. In this way, the times were 
determined very closely and applied as 
widely as possible. The rate of working 
is thereby accelerated. At the same time 
as the working times were arrived at 
with such care, the time spent at work 
was recorded by clocks. The starting 
and finishing times are noted, not only 
for each job but also for the gangs which 
cover the bulk of the work. A special 
card had to be provided for this case 
and special steps taken to book in. The 
cards are stamped by the man or the 
chargehand. Abuses are prevented by 
the watchfulness of the time keeper and 
work inspectors. The times recorded 
are brought to account when calculating 
the balance by calculating machines. 

In place of the old contract rate, a 
system of premiums adapted to meet 
the needs for economy in management 
has been introduced. This system gua- 
rantees the workman an individual re- 
turn corresponding to the work he has 
done. It also provides the base for cal- 
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culating times for doing the different 
jobs. 


Accountancy. 


The whole of the accountancy has 
been reorganised in order that the in- 
dividual accounts shall be correct. In- 
dividual costs of repairs to locomotives 
were already in existence. Individual 
vehicle costs were then introduced, the 
exception being small running repairs 
to goods wagons, which are charged by 
batches each day per track. In the same 
way, each operation in connection with 
stocking or repairing spare parts and 
every individual operation is calculated 


and booked in when the order is placed. 
Then too the costing has been reorgan- 
ised. The costs have been divided into 
25 headings as regards main charges 
and 66 subsections of part costs dealt 
with in 77 costing sections. 


Division of the work. 


A distinction is made between repairs 
and renewals. The former are dealt 
with in the locomotive erecting shops 
and the carriage repair shops, the latter 
in subsidiary works. 

The old practice of grouping the men 
into gangs has been radically altered. 
Whereas formerly large gangs of men 


fergerung, 


TABLE V. 
Workshops Department. — Typical numerical data. 
1923 1924 1925 1926 1927 1928 1929 1930 1937 1932 7933 
7.000.000 = E | cs 3 
Peer ee Se ee Se eee 
| 4 x 
15.59 q 
95.062 200 ——- neg ties : 
a) 1000 gross tonne-kilometres. 13,000.00 | _irredaars F ‘sorkong 
4 : : 80.000.000 Sh 
b) Total expenditure of the main PB xf, 
workshops department. } eu megerny 
70,000.00 = a 
b’) Rolling stock repairs ex- Y 662 5554 xs 8 
Ben SES: 60,000.008 | RY 
c) Total staff in the workshops 86 2 See Sx 
(yearly average). 50,000.000 or peas a & 
* Maximum staff in 1928. S 
40,000.000 he a Me y iat C97 ONG pesere 1 5 
d) Number of workmen in the 4.000 pig™ Rit eee 
workshops (yearly average). hha 
e) Number of days a locomotive i / L i 
is out of service for a heavy , 
repair. 70.000 Lesde. 
Z COGianras ooo a el ee ---4-55 
. ae 3699 8557 8289 ely 
f) Number of days a locomotive CGE EEK We 
is out of service for a repair ayy ae eae ee = 
ee aeescam | 
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1923 1924 


1925 


increase. 


— Senkung = 
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1928 §=1929 1930 1937 1932, 1933 


1926 1927 


decrease. 


ee is ‘deeded Dy at ie nside) 
ations and the amount of work to be 
done in the particular shop in question. 


_ As a general principle, the following 


work is not included in the repair work 
proper : | 


1, transport work, 
2. stores, and 
3. tools. 


1. Transport. — The transport service 
includes all work involved in trans- 
porting all construction and running de- 
partment stores, and all parts used in 
connection with the work inside the 
shop. It is divided into bulk and detail 
transport. Electric trucks are used and 
are operated to timetable to suit the ser- 
vice. All pathways are concreted. 


2. Constructional materials. — The 
stores are independent of the shops and 
as they are some distance away it was 
considered it would be expensive to 
make individual deliveries of parts. 
Shop stocks were therefore instituted in 
the shop sections to act as distributing 
stores. These stores draw their supplies 
from the main stores, distribute them to 
the shops, keep up the stock cards, and 
also the ledger cards, and collect and 
dispose of scrap and look after the stock 
of interchangeable and _ semi-finished 
parts. 


3. Tools. — A central tool shop has 
been set up in each works. This tool 
. Shop controls tool rooms in each section, 
which latter not only issue tools but 
make the special tools needed and keep 
the whole of the tool equipment in good 
repair. 

At the same time that the gangs were 
redistributed, the organisation in the 
shops had to be changed. Whereas for- 


sary by | 
wae the 


Results obtained through — 
the reorganisation of the services. — 
In spite of the unfavourable 

tions from a repair point of view of t e 
locomotives dealt with at these ioe 
shops (rack locomotives, most of “the t / 
engines requiring new cylinders, e étc.)2 eae 
the time required for the repairs has 
been reduced by 30 %, although the 
times were already short when the re- 
organisation was taken in hand. The 
results obtained at Knittelfeld were so. 
good that the other shops were ree me 
ised on the same lines. rey 
Table V shows the successful posuilts eee 
of rationalising the repair shop methods. 
The growth of traffic increased the de- = 
mands on the repair shops, but in spite 
of this the number of men has been 
greatly reduced and the times for re- ‘3 
pairing the vehicles much shortened, 
thereby placing more vehicles at the dis- 
posal of the operating department. = 
Unfortunately, the economic crisis and io 
as a consequence the falling off of traf- 
fic and the reduction of receipts P 
vented the proposed  reorgani: 
from being carried further. — ae 
more the shops had less work to fe 
therefore the results obtained w 
traffic increased — up to 1930 . ce 
no longer be got. 


_ oe hick 


| 624. 152.5 (.492) & 624. 152.6 (.492) ] 


The heaviest tank locomotive in the world, 
by F. S. DORTMUND. 


(Die Lokomotive.) 


The Netherlands Railways ordered, in 
1930, from Messrs. Henschel & Sohn, of 
Cassel, a 4-8-4 four-cylinder superheated 
steam goods tank locomotive which gave 
such good results from all points of 
view that ten engines of the same design 
were purchased from the same firm, and 
subsequently several engines of the same 
class were built by the « Berliner 
Maschinenbauanstalt vorm. Schwartz- 
kopff », to Messrs. Henschel’s drawings. 

As it weighs 126.4 t. (124.4 Engl. tons) 
in working order, this GTO3 type class 
6300 engine of the Netherlands Railways 
can be taken as the heaviest of its kind. 
For comparison, the old T3 Prussian en- 
gine weighed 30 t. (29.5 Engl. tons). 

The Dutch locomotive has bar frames, 
the main plates being 100 mm. (3 15/16 
inches) thick, and the boiler has a Bel- 
paire firebox. 

The outside piston valves are driven 
by rocking levers by the inside piston 
valve spindles. The crank axle is a sin- 
gle-piece forging. The flanges of the 4th 
and 5th pairs of wheels are reduced in 
thickness by 10 mm. (3/8 inch). All 
four cylinders drive the one pair of driv- 
ing wheels. 2 two-stage air pumps are 
carried on the right hand footplate. To 
prevent smoke drifting down onto the 
spectacle glasses the engine has been 
fitted with side screens like those now 
being generally fitted on many railways. 

An interesting feature of these engines 
is that the motion, valve gear, cylinders, 


tthe main lines. 


boiler and bogies are exactly the same, 
and therefore interchangeable with the 
same parts on the 4-6-0 type four-cy- 
linder superheated steam express engines 
of class PO4, series 3900, designed and 
supplied by Messrs. Henschel to Holland 
in 1929. The coupled wheels, of course, 
are not the same. The GTO3 is mainly 
used for working fast goods trains over 
Owing to the relatively 
large wheel diameter, it will be possible 
to use the engine for working passenger 
trains the maximum speed of which is 
fixed at 90 km. (56 miles) an hour. 
The leading dimensions of the two 
types are given in figures 1 and 2 below. 
A photograph of the PO4 engine men- 
tioned above is also reproduced, in con- 


ymection with the interchangeability of 


the principal parts. Messrs. Henschel 
have delivered 32 of these engines up to 
date, no other firm, so far as we know, 
having supplied any of this type. This 
engine can haul 670 t. (659.4 Engl. tons) 
i. e. 18 corridor carriages and attain a 
speed of 100 km. (62 miles) an hour. The 
PO4 can be considered as an addition to 
the many PO3 engines (4-6-0 four-cy- 
linder superheated steam express en- 
gines weighing 73.1 t. [71.9 Engl. tons] 
in working order) which have been in 
service in Holland for many years. It 
works express trains over all the Com- 
pany’s main lines and is said to have met 
all the conditions specified. 
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of the Netherlands Railways. 


Engine. 
Cylinder shores (Cl). 0." =e na ae 420 mm. 
Piston .strokem 1) ee 660 mm. 
3 CaArrvin? ae 930 mm. 
Weel diameter } pee ie: Shs a 1.850 m. 
aut fArigid.~ > Speke comes 4.500 m. 
Wheel base) ata: en 9.350 m. 
Boller) pressure: qn) ee ee 14 atm. 
Grate area) [ Sie eee, ae 3.16 m2 
evaporative . . . 167.2 m2 
Heating surface superheating . . . 54.0 m2 
totals: (ns ae eee 221.2 m2 
enpty ‘/) 42S ee Ges see 78.0 t. 
Weight {in working order. ... . 84.0 t. 
adhesive \:> e640 See 55.0 t. 
Maximum tractive effort (0.75 p.) . 13.2 t. 
Smallest radius of curve negotiated . 140 m. 
WMiprbiinch ge! yw 9s A 8 100 km./h. 
8-wheeled rigid wheel base tender. 
Diameter of qvheels. cee: were ea 1.100 m. 
Rigid: “wheelloaises: va) scans seen ern 4.800 m, 
Water 2S Reet eae 28 t. 
Coal... . M3) et Nats eee 6 t. 
j empty aah Bo le See 29 t. 
Weight | ont ak) 63 t. 


Fig. 3. — 4-8-0 four-cylinder superheated steam express engine, class P04 series 3900, 


(16 1/2 in.) 
(26 in.) 

(3 ft. 5/8 in.) 
(6 ft. 1 13/16 in.) 
(14 ft. 9 5/32 in.) 
(30 ft. 8 1/8 in.) 

(206 lb. per sq. in.) 
(34 sq. ft.) 
(1800 sq. ft. 
(581 sq. ft.) 

(2381 sq. ft.) 
(76.8 Engl. tons) 
(82.7 Engl. tons) 
(54.1 Engl. tons) 
(13.0 Engl. tons) 

(7 chains ) 

(62 miles/h.) 


(3 ft. 7 5/16 in.) 
(15 ft. 9 m.) 
(6160 Br. gallons) 
(5.9 Engl. tons) 
(28.5 Engl. tons) 
(62 Engl. tons) 


MISCELLANEOUS INFORMATION. 


{ 636, 222.4 (.4) ] 


1. — High-speed possibilities with steam locomotives. 
(100 m. p. h. reached on the London & North Eastern Railway’). 


By courtesy of Mr. Gresley, Chief Mecha- 
nieal Engineer, London and North Eastern 
Railway, we give hereafter particulars of the 
passing times, speeds, etc., of a trial made 
on Friday, 30th November, between King’s 
Cross and Leeds. The engine used for the 
purpose was No, 4472, Pacific type, « Flying 
Scotsman », which was exhibited at Wembley 
in 1925. 

This engine was taken out of ordinary 
traffie without special preparation. The pho- 
tograph, figure 1, shows this engine which, 


since it was built, has run 653 071 miles, and 
since it was last through the shops for re- 


pairs, 44 176 miles. 
Figure 2 is a gradient section of the line 


between Peterborough and Grantham, which 
also gives the speeds in both directions. 

Whilst the speed of 100 m.p.h. was reached 
on the return journey, the most interesting 
feature of the run was the speed attained up 
the long gradient of 1 in 200 between Peter- 
borough and Stoke. 


Principalcharacterislics-and dimensions : 


Gauge of track . 4 ft. 8 1/2 in. 
: diameter. 20 in. 
Cylinders } stroke. 26 in. 
Driving wheel diameter . 6 ft. 8 in. 
‘ inside diameter 6 ft. 3 5/8 in. 
Boiler pressure 180 Ib. 
outside length 9 ft. 5 1/2 in. 
Firebox outside width 7 ft. 9 in. 

7 (168) 21/4 in. 
Diameter of tubes } (32). 5 1/4 in. 
Length between tube plates . 19 feet 

driving 14 ft. 6 in 
Wheel base GUEMO ar fw « mondo 9 ins 
engine and tender . 60 ft. 10 5/8 in 


10* 


ale 

Does £ iy / 1 cwt. 
A : couple 60 t. 0 cwt. 
Weight Mm ¢ trailing 15 t. 8 cwt. 
working order ) @ngine. 92 t. 9 cwt. 
tender . 62 t. 8 cwt. 

Kind of fuel i hes Coal 
tubes 1 880 sq. feet 
flues. 835 » » 
Evaporating surfaces <¢ firebox. 215 » » 
total, 2930. » » 


Superheating surface . 525 sq. feet 


length 70 15/16 inches 
Grate width 83 3/4 inches 

BCH 1, Gases 2, oxo) 274i25'5q. | feet 
Tractive power at 85 %_ boiler 

pressure a Teer meee (2-2 0/20'835 Ib; 
Hactor or adhesion ve.) sos «ks 4.5 
Tender water. 5 000 gallons 

(8-wheeled corridor)! coal 9 tons 


JZ%eR SOKO" 
FAltiv€ FON" 


APH 


FOavronv 
GRANTHAT 


ESSE OWE 


ATES, 


7O LOWDOWN. 
FROM LONDON. 


Fig. 2. — Performance of engine 4472 between Peterborough and Grantham, 
30th November, 1934. 


TEST BETWEEN KING’S CROSS & LEEDS. 


November 80th, 1934. 


Vehicles : 4. Aales: 16. Tons: 145. 


Station. 


King’s Cross . 

Finsbury Park . 
Harringay 

Hornsey . . 

Wood Green . 

New Southgate . 
Oakleigh Park . 

New Barnet . 

Hadley Wood 

Potters Bar. . 
Brookmans Park 
Hatfield ed Maite cat 
Welwyn Garden City. . 
Welwyn, 0 ea. ease 
Knebworth 


DWMWMWAKOWW-IO WO 


tS) 
nse 
Je) 


(*) All speeds are taken from the dynamometer car records. 


Times. Speed-miles per hour. 
‘a 
Booked, Actual. oS aes 
ped fos 
See |p238 
Pom fen cl 
ss a Ve a <5 w |HES8 
on a8 
9 8 9 7 45 ie 
9 44 45 | 55.5 
9 42 40 | 61.0 
9 43 We) Ge) 
9 14 4 | 70.0 
9 15 22 | 66.0 | 61.8 | 84.0 
9 alg 1 | Gans 
9 aT 50 | 69.5 
9 19 5 | 68.5 
9 24 0 030 
9 22 2oealetoee 
9 eal 9 24 45 | 84.5 
2 26 50 | 64.5 
© 28 28) 65.0 i io.e a oeeo 
9 34 he Mhertn() 
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Times. Speed-miles per hour. 
Miles = 
from Station. Booked. Actual. = ose 38 a2 
King’s # | 882 [ase 
Cross 2 | £98 |B2os 
Ho kM GEO NS a | SE |Bge3 
35 a3 
a a SS CT 
28.4| Stevenage .... . | esseiieey leet.5 
SiR REtChiOeeeeee ss 5 <". 0. .'| 9 38 9 36 5 91.5 | 
35.6 | Three Counties . | 9 38 30 | 92.5 
36.9 | Arlesey | 9 39 25 94.5 | 
41.0 | Biggleswade 5% | 9 42 40 | 92.0 | . 
A AW SSN ice * ot ae he . ye 8) 44 6 89.5 | 89.3 | 95.0 
aa Tempstord Se) is. | %. | | 9 46 20 | 90.5 | 
DEMS tee NeGUS! 2th: foi ok ss | 9 49 42 85.0 | 
55.8 | Offord . . Fee | 9 | 52 5 | 83.0 
58.7 | Huntingdon North |. . 9 58 9 54 14 83.0 
63.4 | Abbots array ; Mee ee | 9 57 55 77.8 
69.2 |) Holme) >. Sf) fee om | 10 2 42 80.5 | 74.8 | 83.0 
Sade Wa vaxleyan v4 : oie Yaw 10 4 40 | 74.5 
76.3 | Peterborough ‘North abt 10 14 10 8 20 Ot) 
84.7 | Tallington . are 3 10 16 40 82.5 
88.5 Essendine Ry er & 10 18 50 83.0 
92.4 mitGlemBytham 5 8. . ». 10 On 30 81.5 | 75.8 | 86.0 
O70) sCorbywle. 4 . BAG Le S| 10 25 5 85.0 
101.9 Great Ponton ae easy 5: ee | 10 28 40 85.0 
405.4 | Grantham epee. | 10 40 10 31 20 61.5 
109.6 IBarkStOm es ty eae. 2. oe 10 34 58 75.0 
441.5 | Hougham es 25 ee ees 10 36 25 77.0 | 79.4 | 90.0 
A qe) KOE Age) a pee 2 a 10 39 7 87.0 
feloOn(minuNewarke §..%) . 0. + | 40 51 10 42 22 86.8 
126.3 Carlton A ees 10 46 55 82.0 
OieommrGrows mark Me 0 My, a 10 47 37 80.5 | 79.2 | 86.5 
Bho? Dukeries Junction ... 10 50 40 73.0 
131.8 pPaxtordig, | en f° Re Ns, | 10 54 42 7230) 
LeSrOMMmenecrOrdme tou 2) seh. | ALE | 7 10 56 27 eGie6 
Tit. sutton Tae Pk, | 10 59 0 | 79.6 
Aer OMe aRanmekih eee 2 hw 14 0 36 85.5 | 76.4 | 88.0 
WAS ese CCOODY MN wag Oe cll fie 41 1 54 | 86.5 
a2 8 (ois) || ME Rana, eae 11 3 13 82.0 
TOA We ANOSSIMObON See. hia gs 141 5 50 | 85.0 
156.0 | Doneaster am 44 24 44 10 10 441.5 
159.9 Careroft & Ardwick . Hak 14 44 20 68.5 
462.4 | Hampole . eo eee 14 16 20 | 76.5 
164.6 South Elmsall Br Cae cee 44 18 0 Hts) 
AGT ot Efemsworth Go. see 14 20 27 78.0 | 69.5 | 84.0 
470.3 | Nostell : 5) 14 22 20 81.0 
471.8 | Hare Park & Crofton aa f 11 23 26 81.0 
474.4 | Sandal. . ded 41 25 LOS. 0 
175.7 | Wakefield Westgate . . ., 11 | 39 41 27 41 | 42.5 
178-2 | Wotthouse . . aes. 5 14 30 4 44.5 | 49.6 | 54.0 
ASROMeArdsloyee se LENS, ey Ad 45 41 32 23 Seao 
ASS) Se eBCeStONM. — elit batt. tom: 44 35 30 62.0 | | 
eds CELOIGGkee mts fe ay bo PW wre a 44 37 55 20 5a 46.8 | 62.0 
igoet | deedsa@entral . .. . % | td 53 41 39 40 a. 
epee King’s Oross-Leeds .. . 2 45 2 on 55 Sef 73.4 
i | Average booked speed : 67.5. 


(*) All speeds are taken from the dynamometer car records. 


TEST BETWEEN & LEEDS KING'S CROSS. 


November 80th, 19384. Vehicles: 6. Aales: 24. Tons: 205. 


Speed-miles per hour. 


Station. . Actual. 


Passing. 
Average 
between hook- 
ing points. 
Maximum at- 
tained between 
booking 
points. 


Fs 


Leeds Central 
Holbeck 

Beeston 

Ardsley 

Lofthouse : 2 
Wakefield Westgate ‘ 
Sandal . : 
Hare Park ‘& Crofton : 
Nostell . : 
Hemsworth . 

South Elmsall 
Hampole .. ‘ 
Carcroft & Ardwick : 
Doneaster ; 
Rossington 

Bawtry 

Scrooby 

Ranskill 

Sutton 

Retford 

Tuxford ; 
Dukeries Junction ; 
Crow Park 

Carlton 

Newark 

Claypole 

Hougham 

Barkston 

Grantham 

Great Ponton 

Corby . 

Little Bytham 
Essendine 

Tallington 
Peterborough 

Yaxley 

Holme . . 

Abbots Ripton E 
Huntingdon North 
Offord : 

St. Neots . 
Tempsford 

Sandy 

Biggleswade 


nw 
Oy 
on 


WR WOOWUW ROW AHOWEWORUIARTNORODOSCHRIVWNWORONOMIUNT 
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(*) This speed was attained at the 91st mile post from London just north of Little |} 
Bytham Station, All speeds are taken from the dynamometer car records. 
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Speed-miles per hour. |f 


Station. 


Booked. 


H. 


Arlesey an 
Three Counties . 
Hitchin 

Stevenage 

Knebworth 

Wielwytis os Le no: -s 
Welwyn Garden City . 
Hatfield eee 
Brookmans Park 
Potters Bar . 
Hadley Wood 

New Barnet . 
Oakleigh Park . 
New Southgate . 
Wood Green . 
Hornsey 
Harringay .. 
Finsbury Park . 
King’s Cross . 


=e 
oot 
ROD 
owe 


3 
9 
a 
6 
18.2 
-4 
a! 
5 
3.8 
6 
5 
0 
Bo 
5 
4 
ail 
oii 


Leeds-King’s Oross 


[ 621, 132.3 (.42) ] 


Average 
between book- 
ing points. 
Maxi yum at- 
tained between 
booking 
points. — 


Tm SCOUNNWUNWOSSNOONN 


® HAL HAA LA AA AREAL EL ES 


a 70.8 
Average booked speed : 67.5. 


2. — P2 class 2-8-Z type express passenger locomotive No. 2002, 
« Earl Marischal », London & North Eastern Railway. 


The second P2 class 2-8-2 type express 
passenger locomotive, No. 2002, « Earl Ma- 
rischal », has recently been sent into traffic 
from the Doncaster works of the London and 
North Eastern Railway. 

This engine incorporates many of the 
features of its predecessor, No. 2001, « Cock 
of the North », which was fully described in 
the November 1934 issue of this Bulletin. 

By courtesy of Mr. Gresley, the Chief Me- 


chanical Engineer of the Company, we re- © 


produce a photo and drawing, together with 
a table of characteristics and dimensions of 
No. . 2002 locomotive. 

The three 21-inch diameter cylinders drive 
on to the second pair of coupled wheels, and 
the 9-inch piston valves are operated by 


Walschaerts-Gresley gear of similar pattern 
to that fitted on the L.N.E.R. Pacific en- 
gines. This is the main point on which engine 
No. 2002 differs from No. 2001, the steam 
admission and exhaust of which are controlled 
by means of poppet valves operated by rotary 
cam gear. 

The tender of engine No. 2002 is of the 
high-sided, 8-wheeled type as fitted to the 
L. N. E. R. Pacific engines, with a water capa- 
city of 5000 gallons and a coal capacity of 
8 tons. 


LEADING DIMENSIONS AND RATIOS. 


Grate. 
Length enesioper ene ttt. Zin, 
idth Svante nee Oath. at) 3/4 ine 
Grate area oe 50 sq. ft. 
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Firebow. 


Height of crown above } Front 
foundation ring Backs 


Interior length at top. . 

Interior. width at pollen centre . 

Tickness of copper Bates: : 
Sides. and back b 
Tube plate. 


Boiler. 


Outside length firebox, overall. 
eet length firebox, at bot- 
(4s 
Outside width firebox at bottom 
Diameter of barrel, maximum . 
Length of barrel . * 
Thickness of barrel plates A 
Thickness of wrapper plates . 
Length of smokebox at bottom 


Tubes, small. 


NER DONA Mew oe she ictn Gn ia he 
Number : . 

Diameter outside . 

Thickness . 


Tubes, superheater flues. 


Number . . : 
Diameter outside . 
Thickness . 

Length between tube plates 


Heating surface. 


Firebox. 

Tubes, 2 1/4 in. 

Flues . 

Total evaporative ELS, 


Superheater. 


Number of elements 
Diameter inside 
Heating surface . 


Total heating surface . 
Two Ross « Pop » safety valves 
Working pressure .... 
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t. 8 13/16 in. 
t. 0 5/16 in. 
ft. 2 3/4 in. 
ft. 4 1/2 in. 


ww 
— 


10 ft. 9 in. 


7 ft. 11 1/4 in. 
7 tt. 9 in. 


in. 
23/32. in. & 25/32 in. 
9/16 in. 
8 itt. Line 


Steel. 
101 

2 1/4 in. 
10 I.W.G. 


43. 
5 1/4 in. 


5/32 in. 
18 ft. 11 3/4 in. 


237 sq. ft. 
1354.2 » 
1122.8 » 
2714.0 » 


43. 
1.244 in. 
776.5 sq. ft. 


3 490.5 sq. ft. 
3 1/2 dia. 
220 Ib. per sq. in. 


16 in. : 
/16 in. and 1 1/4 in. 


Aales. 
Dia. Length. 
Journals, pony . . 61/2in. X 9 in. 
Journals, coupled . Ore in ee ee ED Gin 
Journals, trailing. 6 in qeiiin 
Crank pins. 
Outside. 63/4in. X 6 in. 
Tnside 91/4 in. x 6in 
Coupling pins. 
Leading. 43/4in. xX 4 in. 
Driving 71/2 in. x 41/2 in. 
Intermediate. 43/4in. x 5 im 
Trailing aoe im. x Son 
Springs. 
Pony : Helical, 10.3/16 in. long, free, 5 1/2 in. outs. 


dia., Timmis section. 
Coupled wheels : 
5 in. wide x ‘1/2 in. thick. 
Trailing wheels : 
5 in. wide x 3/8 in. thick. 


Cylinders. 


Number. : 
21 in. dia. x 26 in. stroke. 


Motion. 
Type, outside 
Type, inside . 
Type of valves . 
Diameter of valves at a 
Maximum travel of valves . 


ins. cylinder 
Steam lap} outs. cylinder . 
Exhaust lap . ; 


Cutt-off in full gear 


Tractive effort at 85 % boiler 
pressure. . e 
Total adhesive weight . 
Adhesive weight — Tractive 
effort. ete te... 5 


Vacuum brake. 


Laminated 3 ft. 6 in. crs., 


Laminated 4 ft. 6 in. crs., 


15 plates, 
14 plates, 


Walschaerts. 
Cresley. 
Piston. 


43 462 lb. 
180 320 lb. 


4.14. 


NEW BOOKS AND PUBLICATIONS. 


[ 388. 1 (.43) ] 


Wirtschaftsfiihrung und Finanzwesen der Deutschen Reichsbahn (The economic and 
financial management of the Reichsbahn). — Published by the General Management 
of the Deutsche Reichsbahn (German State Railway Company). — 1 vol. (114 « 84 
inches), of 283 pages, with 53 tables and inset plates. — 1934, Berlin W 9, Verkehrs- 
wissenschaftliche Lehrmittelgesellschaft m. b. H. bei der Deutschen Reichsbahn, Voss- 


Strasse, 6. (Price: 15 Rm.) 


The Society for the publication of ar- 
ticles dealing with the science of trans- 
port (Verkehrswissenschaftliche Lehr- 
mittelgesellschaft m.b.H. bei der Deut- 
schen Reichsbahn) has just issued, under 
the auspices of the General Management 
of the Reichsbahn, a detailed report on 
the economic and financial organisation 
of the German railways. A large part 
of this work deals with the historical 
development of all the essential ques- 
tions of this important matter, which 
greatly adds to the interest this publica- 
tion is bound to arouse. 

The first part sums up the thesis to 
be developed in the rest of the book : 
the Reichsbahn is the greatest industrial 
undertaking in Germany, and from the 
point of view of the traffic, the most 
important railway company in the world. 
It is the greatest asset of the German 
State. Consequently, its economic oper- 
ation is a vital question for the country, 
and this depends essentially on its finan- 
cial and accountancy organisation. The 
report sets itself the task of showing that 
the Reichsbahn carries out its task thor- 
oughly. 

The second part is devoted to histo- 
rical developments, First of all the pre- 
war period: the various railway sys- 
tems are worked by the different Ger- 
man States. These were more or less 
prosperous years during which the traf- 
fic and receipts continuously increased, 
the financial organisation being dealt 
with as part of the general finances of 
each State. 

After the difficult war period, the year 
1920 marks the taking over of the differ- 


ent systems by the Reich; the amalgama- 
tion conditions are examined in detail. 
During the three following years, the 
finances of the Reichsbahn remained 
part of those of the State. This period 
saw the rolling stock reconstituted, and 
many large stations built or enlarged. 
It was also the time of the devaluation 
of the mark, during which the differ- 
ent managements of the Reichsbahn and 
even the main workshops had to issue 
their own paper money. 

At the end of 1925, the finances of 
the Reichsbahn were separated from 
those of the Reich, and the Reichsbahn 
became the Deutsche Reichsbahn Gesell- 
schaft (German State Railway Company). 
With the stabilisation of the currency 
came a period during which expenditure 
was strictly limited in every way. This 
period ended with negociations in con- 
nection with the Dawes plan and the 
consequent publication of laws concern- 
ing the Reichsbahn, which put its oper- 
ating methods on truly industrial bases 
and in consequence led to the complete 
revision of the financial and account- 
ancy services. The -work describes 
briefly the measures taken, analyses the 
balance-sheets, the profit and _ loss 
accounts, and the statistics relating to 
receipts and expenditure for the 1924- 


1933 period. The policy followed during ° 


the world crisis is then defined, as the 
Reichsbahn found both its receipts 
and expenditure considerably reduced 
thereby. 

The third part deals with the position 
of the Reichsbahn as compared with the 
other great German undertakings and 


—_~ 
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the great foreign railway companies. 

This chapter brings out in particular 
the importance of the Reichsbahn in Ger- 
man economics, in which it is a very 
great force owing to the orders placed 
by it with the great industrial under- 
takings. In spite of the crisis, the total 
annual amount of these orders is still 
one thousand million marks. 

The fourth part deals with the con- 
stitution of the Deutsche Reichsbahn 
Gesellschaft, with its financial relations 
with the State, the respective assets of 
the Company and the State, with the 
issue of stocks and shares and with the 
part played by the Company in war 
reparations. It goes on to deal with 
questions relating to the constitution of 
the reserve funds, loans and long-term 
contracts made by the Company, the 
interest it has in other spheres, such as 
the Transport Credit Bank, the Mitropa 
(Central European Sleeping-Car Com- 
pany), etc... 

In the fifth part, the part played by 
the Administrative Council and _ the 
General Management in financial ques- 
tions is explained, and the organisation 
and duties of the Finance Department 
at the Headquarters is described. 

The financial principies followed by 
the General Management of the Reichs- 
bahn are dealt with in the sixth part. 
Programmes are drawn up to cover each 
branch of its activities. By means of 
the control exercised on the way these 
programmes are carried out and the 
examination of the daily, weekly, and 
monthly data prepared on the financial 
results, the General Management can take 
such steps as will ensure the financial 
results being influenced in the right 
direction. The complete financial pro- 
gramme as drawn up by the General 
Management is given as an appendix to 
the book. 

The organisation of the Statistics 
Department is the subject of the seventh 
part. Particulars are given of the sta- 


tistics compiled and the mechanical 
methods used in getting them out. 

The eighth part is devoted to the 
accountancy and its principles, the legal 
bases being given first of all. The law 
by which the Reichsbahn was consti- 
tuted lays down that the accountancy 
shall be on a truly industrial basis so 
that the financial position of the Com- 
pany can be ascertained at any moment 
with certainty. The regulations concern- 
ing the capital, operating and renewal 
costs, the profit and loss account, and 
the preparation of the balance sheet are 
examined in detail. 

The ninth part deals with the organi- 
sation of the Accountancy Department. 
After a brief historical sketch of the de- 
velopment of the accountancy regula- 
tions and their standardisation on the 
different systems, the principles of the 
accountancy method foilowed are exam- 
ined and their pratical application 
considered. The accountancy methods 
and the different accounts are analysed, 
as well as the way they are applied in 
the different shops. Questions concern- 
ing the accountancy staff and auditing 
are also dealt with. 

As an appendix to the book are given 
the balance sheets for 1931 of some of 
the great foreign railway companies, the 
list of the financial regulations govern- 
ing the Reichsbahn, and a very complete 
bibliography relating to railway finance 
and accountancy. 

This brief analysis makes it possible 
to get some idea of the amount of in- 
formation and documentation to be ob- 
tained from this important publication. 
The text is illustrated by many statistical 
tables, diagrams, and synoptic tables, 
which make it easy and attractive to 
read. Owing to its very great value as 
a work of reference, this book will 
undoubtedly interest not only transport 
circles, but also everyone concerned 
with large industrial undertakings. 
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